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SAFETY SUMMARY 


_ The following general safety precautions must be observed during all phases of operation and maintenance 
of this instrument. Failure to comply with these precautions or with specific warnings elsewhere in this 
manual violates safety standards of design, manufacture, and intended use of the instrument. Boonton 
Flectronics assumes no liability for the customer's failure to comply with these requirements. 


THE INSTRUMENT MUST BE GROUNDED 
- To minimize shock hazard the instrument chassis and cabinet must be connected to an electrical ground. 
The instrument is equipped with a three conductor. three prong a.c. power cable. The power cable must 
either be plugged into an approved three-contact electrical outlet or used with a three-contact to a 
- two-contact adapter with the (green) grounding wire firmly connected to an electrical ground at the power 
outlet. 


DO NOT OPERATE THE INSTRUMENT IN AN EXPLOSIVE ATMOSPHERE. 
_ Do not operate the instrument in the presence of flammable gases or fumes. 


_ KEEP AWAY FROM LIVE CIRCUITS. 2 
Operating personnel must not remove instrument covers. Compenent replacement and internal adjust- 
ments must be made by quailfied maintenance personnel. Do not replace components with the power cable 
connected. Under certain conditions dangerous voltages may exist even though the power cable was 
removed, therefore; always disconnect power and discharge circuits before touching them. 


DO NOT SERVICE OR ADJUST ALONE. 
Do not attempt internal service or adjustment unless another person. capable of rendering.first aid and 
resuscitation, is present. aly 


- DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT. 
Do not install substitute parts or perform any unauthorized modification of the insturment: Return the 
_ instrument to Boonton Electronics for repair to ensure that the safety features are maintained. 


- SAFETY SYMBOLS. 
This safety requirement symbol (located on the rear panel) has been adopted by the 
International Electrotechnical Commission. Document 66 (Central Office) 3. Para- 
: graph 5.3. which directs that and instrument be so labeled if. for the correct use of the 
instrument, it is necessary to refer to the instruction manual. In this case it is 
recommended that reference be made to the instruction manual when connecting the 
instrument to the proper power source. Verify that the correct fuse is installed forthe 


power available, and that the switch on the rear panel is set to the applicable 
operating voltage. 


The CAUTION sign denotes a hazard. It calls attention to an operation procedure, 
practice. or the like, which, if not correctly performed or adhered to. could result in 
.damage to or destruction of part or all of the equipment. Do not proceed beyond a 

CAUTION sign until the indicated conditions are fully understood and met. 


The WARNING sign denotes a hazard. It calls attention to an operation procedure. 
practice. or the like. which. if not correctly performed or adhered to. could result in 
injury or loss of life. Do not proceed beyond a WARNING sign until the indicated 


WARNING 
conditions are fully understood and met. 


VA Indicates dangerous voltages. 
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Figure |-1 Model 4200 RF Microwattmeter 
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MODEL 4200 INSTRUCTION MANUAL SUPPLEMENT - 
FOR THE MODEL 4200=-S/21 
June 17, 1987 
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Instructlon-manual supplements are !ssued as required to correct errors In 
a manual, and to adapt the manual to changes made after Its printing. 
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Make the following additions to the Manual, 
1, The following Items have been added to the Model 4200 for the -S/21: > 


ae Batterles BT2 and BT3. (2) 1.405 Y alkaline batterles replace BTl. 
Refer to Figure 1. vey 
bre An Elapsed Tlme Indicator M1 and associated 357 k ohm resIstor, 
Refer to Figure 1. 


c. A 1k ohm resIstor Is connected to the recorder output and rear panel 
ground to provide a 1 V full scale output. 


2. Extending the RMS measuring range of sensors note, 


a. The true RMS detection area of the 4200-4E-S/21 sensor Is from -60 dBm to 
-20 dBm and -40 dBm to 0 dBm for the 4200-6E sensor, These ranges may be 
extended by adding attenuation to the sensor Input. For each dB of attenuation 
added the RMS range will shift upwards by 1 dB. The low end sensitivity will 
also rise by 1 dB. By adding the 20 dB attenuator 951054/2 supplied In the 
4200-S/21 Test Set, the RMS ranges wll! be changed to -40 to 0 dBm for the 
4200-4E=-S/21 and -20 to +20 dBm for the 4200-6E. 


be To correct the display for the attenuator In use enter the attenuation value 
for the frequency of Interest from the callbration data sheet. supplied with the 
attenuator and then press the REF LEVEL dB key. 


cr For example: If the attenuation value at 16 GHz Is -19.85 dB as read from 
the Calibration Data Sheet; press 1, 9, «».S8 5055 CHS, and then press the REF 
LEVEL dB key. : 


d. This technique wlll work with any attenuator for which absolute attenuation 
values across the frequency range are known. Attenuators are not callbrated 
with speclfic sensors and are not required to be matched as palrs. 


3. On Page 1-8, Table 1-2, change the 4200-4E-S/21 MAX. SWR spelcifications to 
<1.4 from 4 GHz fo 18 GHz. a 


4. On Page 2-2, paragraph 2-7b, replace the followlng text and table: 


b, Recorder Output. Recorder connector J20 (type BNC) on the rear panel provli- 
des an analog DC voltage for application to a remote recorder. The output 
resIstance Is 1000 ohms. The analog DC voltage Is proportional to the 
followltng: 


Gib). In the power mode, It Is proportional to displayed power, with 1 volt for 
full scale each range, elther channel. 

C26 In the dB mode, It Is proportional to displayed dBm with the relatlonshIp 
shown below: 


Recorder Output 


Serles Serles Serles 
4/7/K/KA/Q 5/8 6 

dBm (volts) (volts) (volts) 
+30 - - 9 
+20 - 5 ale), 
+10 oo 8 oul 
O- ais! Au/ 26 
-10 ail ale #3) 
-20 0 Fey) 4 
-30 are o4 ae 
-40 4 6S) FA 
-50 a, A 72 - 
-60 ae - - 


5. On Page 3-11, paragraph 3-33, replace the following text:: 


Die In the dB mode, the DC output tevel Is proportional to dBm according to the 
formula (Serltes 4/7/K/KA/Q Sensors) 


VOUT= (.8 + 98m) volts 
ite Ny 


Example: The voltage output at -20 
dBm would be: 


-20) volts=.6 volts 
+ e 
Ce8 TO 


This output Is a funetion of dBm only, but Is effected by CAL FACTOR entries, 


=e In the Channel=3 mode of operation (Option -03), the recorder output Is pro- 
portional to the difference In dB of channel 1 minus Channel 2, This output Is 
effected by both the calibration factors and the dB reference levels entered In 
each channel. The equation Is: , 


RECORDER OUT (VOLTS) 


ae(dBcn..! tdB=CAL TACHI ICM! -GB Ree. Cholh) metenonas rd CAL FACT CH2 +dB REF ch... 
Fo ee es Do i a A OME ARAN, gion ap ae RASE Cae ahaa 


Or, equivalent: 


RECORDER OUT (VOLT) = dB disolay_ +.8 
100 


Valtd recorder outputs wll! be obtalned for display Indications of -80 dB (0 
Volts). To.+50.08 (GL vods )% 


6. On Page 5-22, paragraph 5-34, replace the following text: 


e. WIth 1.000 mW IndIlcated on the LED dfsplay, check the Ind!ication on the 
digital multimeter; It should be .98 to 1.00 volts. If the IndIcation Is 


correct, proceed directly to step h; If the Indication Is Incorrect, proceed to 
step f. 


five If the digital multimeter Indilcatlon In preceding step e was Incorrect, set 
the control board bit switch to CALIBRATE MODE 1, Refer to Figure 5-3) and press 
the LIMITS dB LO key on the keyboard. The LED display wlll show a gain modifier 
of approximately 3600. Calculate a revised gain mod!ifler value to obtain the 
required correction, For example: If the digital multimeter Indication were .9f 
volts (0.4% low) and the LIMITS dB LO key recalled a galIn modifier of 3500, the 
revised galn mod!ifler value-would be: ' 


1,004 X 3500 = 3514, 


Enter thls revised galn modlifler value by pressing the followIng keys on the 
keyboard: 

5 aoa ly 4 

LES.d8 U0 

ITS dB LO (revised value should appear on the LED display) 


Gs Reset the control board .bIt swIltch to OPERATE MODE 0. Refer to Figure 5-5. 
Note the Indication on the‘digIital multimeter; It should be .98 to 1.00 volts. 
Repeat steps f and g, If necessary, untI! the correct IndIcatlion Is obtalned, 


h. Set the power meter callbrator output to 0.126 mW, and observe the Indica- 
+lons on the Instrument LED display and on the digital multimeter. The mi!lII- 
volt .Indicatlon on the digital multimeter should equal the value shown on the 
LED display +1 count, If the digital multimeter Indication Is Incorrect, adjust 
potentiometer R55 on the Input module board as required to provide the proper 
digital multimeter Indication. 
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BOONTON INSTALLATION INSTRUCTIONS 


BOONTON MODEL 4200-S/21 EPRON 
INSTALLATION AND SENSOF 
CALIBRATION DATA ENTR* 


PURPOSE: 


To upgrade the internal software of the Model 4200-S/21, allowing compatibility with 
the Model 51100 (9E) Thermocouple Power Sensor. 


LIST OF MATERIALS: 


For this software upgrade, two EPROMS are furnished. The last letter of the three 
digit and two letter code on the label affixed to the EPROM indicates the software 
version. The calibration factor information will be supplied with the sensor. To 
perform the "Sensor Calibration Data Entry" a 4200-S/21 manual is required. 


Reference Fed. Manufacturer BEC 
Desiqnator Description Code Part Number QTY Part Number 
Ic6 A5* IC Prom Prog 314BH 04901 53431400H 1 53431400H 
IC7 A5* IC Prom Prog 365BH 04901 53436500H 1 53436500H 


*Designates installation on the control printed circuit board, A5. 


, INSTALLATION: 


Note: Before installation refer to the Safety Summary at the beginning of the 
4200-S/21 manual for operation and maintenance precautions. 


a. Remove all power to the instrument. 

b. Remove the instrument’s top cover. 

c. Refer to Figure 1. for the location of IC6 and IC7. 

d. Using proper anti-static techniques (a wrist strap is recommended) remove the 
existing EPROMS, IC6 and IC7. 

e. Using proper anti-static techniques (a wrist strap is recommended) insert the 
EPROM marked "314BH" into the IC6 socket and the EPROM marked "365BH" into the 
Ic7 socket. 

f. Before restoring power, be sure the IC’s have been installed properly (Te notch 
facing right as shown below). 


g- Restore power to the instrument and perform the following sensor calibration 
data entry. 


$1 IC7 (365BH) 


IC6 (314BH) 


Figure l. 
D831200D Control Board, A5 


SENSOR CALIBRATION DATA ENTRY: 

NOTES: 

1. The sensor calibration factors are furnished with the sensor. 

2. The 4200-S/21 manual is required to perform the following procedures. 

3. The information below in bold type represents front panel keyboard entries. 


Select desired channel. (example: 1, SELECT C ) 

DO HERE \ 

Set Bit Switch (S1) on Control Board to Dv. Cal Mode. 
closed). Reference figure 5-3 of the manual. 

Select desired sensor number. (example: 3, SELECT SENS) 


is 


(SW1 open, SW2 


Select an unused sensor number, Sthenwi ae’ the present 
sensor data will be lost. 


Refer to Paragraph 5-39 and 

figure 5-3 of 4200-S/21 manual. 

Enter last four digits of Sensor Serial Number. (example: 1234, dB LIMITS 
HI) 


e. Select required Shaping Table. <keyboard sequence: Shaping Table #, CAL 
FAC GHz> (example: 2, CAL FAC GHz). 


f. Enter Sensor Attenuation Factor. <keyboard sequence: Sensor Attenuation 
Factor, CAL FAC dB> (example: 1000, CAL FAC dB). 

g- Set Bit Switch (S1) on Control Board to A.C. Cal Mode. 

‘open). Reference figure 5-3 of the manual. 

h. Enter Gain Constants. Repeat sequence for ranges for 0 through 6. <keyboard 
sequence: Range, RANGE HOLD, Up Scale Gain Constant, REF LVL dB, Down Scale 


Gain Constant, dB LIMITS HI> (example: 0, RANGE HOLD, 5000, REF LVL GB, -3, 
adB LIMITS HI, eters.) 


NOTE: 


CIT aS A 
bok 
a 


(SW1 closed, SW2 


SET CoKwsfROL BEARD, BIT 3S 
SEWSOR CAPABILITY F-C, 3-0) 


To enter a negative number key in the number followed by a CHS 
keying. 

Enter Calibration Factor Data. Repeat sequence for entries O through 19. 
<keyboard sequence: Table #, RANGE AUTO, Frequency, CAL FAC GHz, 


Calibration factor, CAL FAC dB> (example: 0, RANGE AUTO, 18.0, CAL FAC 
GHz, -0.14, CAL FAC dB, etc...) 


NOTES: 
ake On Table #0 a frequency entry of less that 0.1 GHz will result in a 
display indication of 000.0 when the GHz key is pressed. 
Phe 


Entries must be made with frequencies in ascending order. Entries 

not used must repeat the last frequency and_calibration factor 

entered. 20 Ewmces nusr BE AdE (0 -/9) foe TABLE #/ 1, RE-EATER 

- Enter Calibration Factor Terminator. <keyboard sequence: 0, RANGE AUTO>. = 
Set Bit Switch (S1) on Control Board to Operate Mode (SW1 closed, SW2 0) 

closed). Reference figure 5-3 of the manual. 


1. Replace top cover to the instrument. a 
ADDITIONAL INSTRUCTIONS AND INFORMATION: - 


a. This installation instructions sheet should be kept with the Model 4200-S/21 >\ 
instruction manual P/N 99100600D. 


b. Model 51100 (9E) Sensor specifications. 


| Drift & Noise | 


i) 

™~ 

K 

aren a. joao ol mcr TE tiie > it 
9 


| | | | 

| | | | Overload | |) se Setse Lowest Range------- | 
| Model | | Dynamic | Rating | ------ MAX SWR------ | Drift | Noise | 
| (impedance) | | Range | (Watts) | | (Typeial)| (Typical) | 
|(RF Connector) | Freq. Range | (d8m) 4200 | (dBm) | Frequency | swe | ‘Hr®* | RMS [| 260 | 
| THERMOCOUPLE SENSOR | | | | | | 

[51100 (9E) | 10 MHz to 18 GHz | -20 to +20 | 300nM | 10MHz to 1SMHz 1.50 | — 200nW | 100nW =| 200nW | 
| 50 ohm | | | +25dBm* | 15MHz to 10GHz 1.35 | | | | 
| NCH) | | | | 10GHz to 18GHz 1 


-60 | | | brs 


* Thermocouple Pulse Characteristics at 25°C: Maximum pulse energy = 30 W-usec. (per pulse) 
Maximum pulse power = 15 W Peak. 
NOTES: , 
* Will withstand short periods of overload, extended overload operation may result in permanent change in 
characteristics or burnout. 
** After 2 hour warmup. 
Power Linearity Uncertainty at 50 MHz: <20 dam: 1%. 


SENSOR CALIBRATION FACTOR UNCERTAINTY 


a ee ee a eee ee we . nmele ppl 


| FREQUENCY GHz | 


(scceoral } Loss| ezar heels mivee leo tmemltern S197 1 bas ere [93 tase 45 |e | az | 8 | 
| widseit (aot | eee | fee eae (ae Rae ek ort te tote | | 
9€(51100) | | |. -- 7 Sea ee eaters Lee eee ele ae melee wes teeth «| | 
He Jo [1.3 [3.0 |3.0 ]3.5 |3.5 [3.5 3.5] 4.0] 4.0 | 4.0] 4.0] 4.5] 6.0] 6.0] 6.0] 6.0] 6.0] 6.0 | 
[rss x | 0 ft.3 [1-8 1.8 [1.8 [1.8 ]1-9 }2.0| 2.1] 2.5 | 2.4] 2.6{ 2.9| 3.3] 3.1] 3.1] 3.2] 3-0] 3.4 


* Reference Frequency = 30 or 50 MHz. Note: CAL Factors are supplied at every 1 GHz. 


Ae a TE 
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SECTION I 
INTRODUCTION 


1-1. INTRODUCTION. 


1-2. This instruction manual provides general informa- 
tion, installation and operating instructions, theory of 
operation, maintenance instructions and parts list for the 
Model 4200 RF Microwattmeter. 


1-3. DESCRIPTION. 


1-4. The Model 4200 is a microprocessor-based solid state 
RF microwattmeter. The instrument is capable of measur- 
ing RF power levels from | nW (-60 dBm) to |W (+30 
dBm) for a frequency range of 0.2 MHz to 110 GHz. The 
instruments calibrated power level and frequency range Is 
determined by the Series 4200 sensor used with the instru- 
ment. The Series 4200 sensors are accessories and must be 
ordered per application. Refer to Table !-2 for the Series 
4200 sensor characteristics. 


1-5. The Model 4200 is designed to perform the following 
Operations: 


a. Low-power transmitter, signal generator, and oscil- 
lator measurements. 


b. SWR and return-loss measurements with directional 
couplers and slotted lines. 


c. Gain and insertion loss measurements. 
d. RF attenuation and SWR measurements. 
e. Antenna measurements. 
1-6. The Model 4200 design features are as follows: 
a. Wide Frequency Range: 0.2 MHz to 110 GHz. The 


calibrated frequency range of the instrument is determined 
by the sensor utilized. Refer to Table 1-2. 


b. Wide Power Range. Depending on the selected sen- 
sor, the instrument will measure RF power from | nW up 
to IW. Temporary overloads up to 300 mW with Series 
4200-4 sensors and up to 2W with Series 4200-5 sensors will 
do no permanent harm to the instrument or the sensor. 


When measuring pulsed signals. the power indications are 
accurate up to 20 microwatts peak power (200 microwatts 
with Series 4200-5 sensors). External attenuators may be 
used to extend the measurement range of the instrument. 


c. Low Noise. The instrument has been designed and 
constructed to minimize noise from all sources. The sensor 
cable is of a special low-noise design: vigorous flexing 
causes only momentary minor deflections on the most 
sensitive range of the instrument. The sensors are insensi- 
tive to shock and vibration: even sharp tapping on the 
sensor barrel causes no visible deflection on any range. 
Internal signal amplification occurs at approximately 94 
Hz. thereby reducing susceptibility to 50 or 60 Hz fields. A 
low-noise solid-state chopper is used. 


d. LED Display. Measured power levels are displayed 
by a 4 digit. LED type readout with decimal points and 
minus sign. Annunciators associated with the LED display 
indicate the units of measurement. The result is a clear. 
unambiguous readout that minimizes the possibility of 
misinterpretation. The display is also used to show data 
being entered into non-volatile memory and to display data 
recalled from non-volatile memory; the display and annun- 
ciators blink on and off during data entry and recall to 
indicate that displayed values are not measured values. 


e. Analog Indications. A front-panel analog meter pro- 
vides relative power indications for peaking or nulling 
applications. A de voltage proportional to the measured 
power level is available ata rear-panel connector for appli- 
cation to a recorder or other external device. 


f. Pushbutton Measure: at iVlode Selection. A choice 
of measurement modes is available to the operator. Indica- 
tions in terms of power or dBm can be selected by pressing 
the appropriate front-panel key switch. A dB reference 
level can be entered through the keyboard and a display 
mode selected to indicate power levels in dB, relative to a 
dB reference level. 


yg. Automatic Ranging. Autoranging under control of 
the microprocessor eliminates the need for manual ra nuing. 
Alternately, a measurement range can be retained for all 
measurements, if desired, by selecting the range hold mode. 


I-] 
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Applications of power levels that exceed the maximum or 
minimum measurement capability of the instrument (or 
range in the hold mode) results inan error indication on the 
LED display. 


h. Automatic Zeroing. An automatic zeroing circuit 
eliminates the need for tedious. often inaccurate. manual 
zeroing. With zero input to the sensor, pressing a front- 
panel key switch directs the microprocessor to compute 
and store zero corrections for each range. and the instru- 
ment is thereafter corrected on each range in accordance 
with the stored data. This method is considerably simpler, 
faster, and more accurate than manual zeroing. 


i. Automatic Sensor Compensation. Calibration fac- 
tors for up to eight sensors may be stored in the micropro- 
cessor. Calibration data is written into non-volatile storage 
at the factory for sensors ordered with the instrument: 
calibration data may also be written into storage in the 
field. When the sensor being used and the measurement 
frequency are specified through front-pane! keyboard 
entry, measurement values are corrected automatically 
with calibration factors. Alternately, the calibration factor 
in dB for a particular sensor being used may be entered 
through the keyboard. and the measurement values are 
then corrected automatically in accordance with the correc- 
tion factor. Both power and dB values are corrected. 


j. Built-in Power Reference. An accurate. 1.000 milli- 
watt. 50 MHz signal for instrument calibration is provided 
by a built-in power reference. Calibration is simply a matter 
of connecting the sensor to the power reference. and press- 
ing a key: the calibration correction is computed automati- 
cally by the microprocessor. The calibration circuit has 
built-in protection against inadvertent key actuation when 
the sensor is not’connected to the power reference: calibra- 
tion correction is limited to approximately 7.5% from the 
original factory sct value. Computed calibration corrections 
that exceed this range are rejected automatically. and the in- 
strument returns to its previous sensitivity. If the instrument 
is supplied with a 75-ohm sensor (4200-4C). an adupter 
(P/N 950006) is also supplied. This adapter is used between 
the power reference and the sensor to convert the Type N 
power reference connector to a 75-ohm Type N. Betore 
calibration, a 0.17 dB CAL FACTOR should be entered to 
compensate for the mismatch error that is introduced by the 
75-ohm sensor. 


k. Pushbutton High/Low dB Limit Selection. High/ 
low dB limits may be entered through the front-panel 
keyboard. A front-panel annunciator indicates when mea- 
surcd dB levels are outside the preset limits. Signals are also 
activated ata rear-panel connector to provide remote indt- 
cations of out-of-limit measurements. 


|. Solid-state Chopper. Signal amplification in the 

instrument occurs at approximately 94 Hz. Input signals 
from the sensor are converted into a 94 Hz signal by a 
solid-state. low-level input modulator (chopper), which 
represents a distinct improvement over electromechanical 
choppers. Extended service life is assured through the elimi- 
nation of contact wear. contamination, and other problems 
associated with clectromechanical choppers. 


m. Signature Analysis Maintenance. Connection facili- 
ties to permit signature analysis maintenance are incorpo- 
rated. Digital circuit troubles can be localized rapidly and 
accurately using the signature analysis maintenance tech- 
nique, thereby reducing instrument down-time. A diagnos- 
tic ROM (P; N 961003) is available from Boonton Elec- 
tronics Corporation for signature analysis maintenance. 


1-7. ACCESSORIES. 


1-8. The following accessories are supplied with the 
instrument: 


a. AC power cord 
b. Sensor cable: 


1-9. The Series 4200 sensors are not supplied: with the 
instrument and must be ordered. Refer to Table |-2 for the 
sensor characteristics. 


1-10. If the instrument Is ordered with sensor(s) the sensor 
calibration data is programmed into the instrument at the 
factory. If additional sensor(s) are required after the 
instrument is in the field, the new sensor calibration data 
can be field installed. 


1-11. OPTIONS. 


1-12. The following options are available for the 
instrument: 


a. Rack mount hardware kits. 

b. -O1A IEEE Bus Interface. 

c. -01B IEEE Bus interface. 

d. -03 Second Input Channel. 

e. -04 Rear Input. 

f. -06 Intemal TMA (MATE). Requires -01B Option. 


g. -S/I7 Two Inputs On Front Panel. Requires -03 
Option. 
1-13. Information concerning the Option is included in the 


Appendices of this manual. 


1-14. Please direct all special instrument applications 
questions to the Applications Engineering Department of 
Boonton Electronics Corporation. 


1-15. SPECIFICATIONS. 


1-16. Performance specifications are listed in Table I-1. 


1-17. OUTLINE DIMENSIONS. 


Figure 1-2. 


TABLE 1-1. SENSOR CHARACTERISTICS 
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1-18. Outline dimensions of the instrument are shown in 
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TABLE 1-1. PERFORMANCE SPECIFICATIONS (Cont.) 


RANGING Autoranging plus hold on range 

BASIC MEASUREMENT A. Basic Uncertainty (includes all instrumentation, noise, zero, and shap- 
ACCURACY The total accuracy ing errors and includes 0.7% power reference setting error) 

of the Model 4200 system, — 

: ‘ ‘ Uncertainty 
including sensor, is the sum of = 

the uncertainties noted in sec- ie fnpot Level Over dBm 


tions A, B, C and D. These 1.2% rdg=0.1% fs 
uncertainties may also be added 
in an RSS fashion which repre- 1.2% rdg+0.1% fs 
sents the most probable total PA SLOF | 10 WER Ege 1.5% rdg + 1.5% fs see 
uncertainty, [2% rdg=0.1%f | cures 
he da esreueate di ich below 

>10 pW a 
When operated as a dual-channel Teer EL |, IO RW % rde=3.0% fs 
Pcccttsa aeons tae ee eS 
uncertainties of A must be multi- = gee : 
plied by a fuctor of two. i ea LLDCS Sen 

+ 


10 pW (—20 dBm) at 6% rdg +025" 
22 GHz 
10 pW (—20 dBm) at + 13% rdg +0.50* 
33 GHz 

4Q 


10pW(-—20dBm)ar | + 13% rdg +0.50* 
40 GHz 


4U 10 nW to 10 mW at + 6% rdg oe 0) 258) 
40 GHz to 60 GHz 

4V 10nW to 1OmW at + 6% rdg £0.255 
50 GHz to 75 GHz 

4w 10nW to 10 mW at + 6% rdg * 0.25" 
75 GHz to 110 GHz 

WRD180 10 nW to 10 mW at + 6% rdg + 0.25* 
-18 GHz to 40 GHz 


*+0.01 dB/10 dBm relative to —20 dBn 


UNCERTAINTY IN dB 


1-4 
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TABLE 1-1. PERFORMANCE SPECIFICATIONS (Cont.) 


Specifications 


. Temperature Uncertainty (at | MHz) 


Uncertainty 
Temperature Instrument All Sensors 


21°C to 25°C (reference) 0% (0 dB) 0% (0 dB) 
18°C to 30°C 0% (0 dB) £2.32% (+ 0.1 dB) 
10°C to 40°C +4.7% (£0.2 dB) 4.7% (+0.2 dB) 
UeC tons © £5% (+£0.25 dB) 
C. Calibration Factor Uncertainity 


Coaxial Sensor Calibration Factor Uncertainty 
Sensor Frequency GHz 
19- 
6 7 8 9 10 W 12 13 14 18 16 17 26.5 
48 (51011) | 
Max. % 35 5 35 a5 40 40 40 45 4s 
RSS % : Ad 18 ES) 2.0 2.1 25 rakes 2.4 3.0 
4C (51012, 
Max. % 
RSS % 
4€ (51013) 
Max. % : ( : 35 40 
RSS % J : i i A 20ipine-2 
4G (51051) 
Max. % A f 35 40 
ASS % : : ; : 19 2.0 
SE (51015) 
Max. % 3.0 3.0 25 35 "3S 40 
RSS % : V7 1.0 iter UW : 1.9 2.0 
6E (51033) 
Max. % 3.0 3.0 3.5 35 35 40 
RSS % : 1.7 Was 1.7 Wis 1.8 19 2.0 
7E (51016) 
Max. % 3.0 3.0 3.5 3.5 3.5 35 4.0 
RSS % F 1.8 1.8 1.8 1.8 19 2.0 2.1 
8E (51017) : 
Max. % 0 3.0 3.0 3.5 a5 a5 35 4.0 4.0 
RSS % 0 13 18 1.8 1.8 18 19 2.0 2.1 25 
* Reference Frequency = 50 MHz. Note: CAL Factors are supplied at every 1 GHz. 


Waveguide Sensor Calibration Factor Uncertainty 


Over 


Ret At Over 
Sensor Sensor : 


Ref. 
s Sensor Ref. | Sensor 
_ GHz ‘ GHz Freq! BW 


4K (51035) | 4Q (51037) 4V (51046) 
Max. % Max. % Max. % WRD-180 
RASS % RSS % RSS % (51972) 


4Ka (51036) 4U (51045) 4W (51047) | 94 Max. % 
Max. % Max. % Max. % RSS % 
RSS % RSS % RSS % 


Note: For waveguide sensors, the reference calibration is at -20 dBm. 


D. Power Reference Uncertainty. Power reference accuracy is +1.2% 
worst case for one year (0° to 55°C). When calculating the sum of the 
uncertainties, only include 0.5% for the power reference as the remaining 
0.7% is included in A above. 
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TABLE 1-1. PERFORMANCE SPECIFICATIONS (Cont.) 


POWER REFERENCE 
Source 


Power output 


CALIBRATION 
ZERO 
CALIBRATION FACTOR 


MEASUREMENT TIME 


RECORDER OUTPUT 
Watt Mode 


dB Mode 


DISPLAY 


dB LIMITS 


ANNUNCIATORS 


POWER CONSUMPTION 
WEIGHT 
DIMENSIONS 
ACCESSORIES FURNISHED 
ACCESSORIES REQUIRED 


Specifications 


Internal 50 MHz oscillator with Type N female connector on front panel 


1.00 mW, factory set to +0.7%, traceable to National Bureau of 
Standards, +1.2% worst cast for one year (0° to 55°C) 


Front panel key automatically calibrates instrument to power reference 
Automatic. operated by front-panel switch 


+ 3.0 dB to —3.0 dB ranges in 0.01 UB steps. entered through front panel 
keys: alternately. stored calibration factors are interpolated linearly and 
applied automatically to readings when the frequency is entered through front 
panel keys. Up to 20 individual calibration factors for up to 8 power sensors 
can be stored in non-volatile memory. 


Diode sensors. typically 0.2 to 0.5 s except 2-6 s below -40 dBm 
Thermocouple sensors. typically 0.5 to 6 s for increasing levels, 0.5 to 14s 
for decreasing levels 


See Table 1-3 
10 volts full-scale, proportional to indicated power over each range 
8 volts equivalent to 0 dBm for all sensors with a sensitivity of | volt per 


10 dB change over the entire range. 


4-digit LED, 3-1/2 digit display of power, 4digit display of dB with 0.01 
dB resolution. Auxiliary analog display. uncalibrated. proportional to 
recorder output 


Entered through front panel in dB only. operable in both dB and 
power modes 


LED display of mW, pW, nW, dBm, or relative dB (dBr),; LED indication 
of use of channel | (CH1), channel 2 (CH2. option -03), and channel 3 
(CH 3 = CHI - CH2 in GB): out of dB limits: and condition of GPIB 
activity (LSN, AFN, REM. AND TALK. option -01) 


24 VA: 100. 120. 220. and 240 volts. 50 to 400 Hz 

4.54 kg (10 lbs.) approximately 

14.9 cm high « 21.1 wide « 34.9 deep (5.85 in. x 8.3 x 13.75) 

5 foot power sensor cable, Model 41-2A, for each sensor ordered 


One or more of the power sensors: 
Refer to the Sensor Characteristics. 
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TABLE 1-1. PERFORMANCE SPECIFICATIONS (Cont.) 


Parameter ; Specifications 


OTHER ACCESSORIES 
AVAILABLE 


Part No. 950000 


Rack mounts one Model 4200, placed either right or left on 19-inch 
spacing 


Part No. 950001 
Part No. 950002 


Rack mounts two instruments, side-by-side 


Rack mounts one Model 4200 with older Boonton half-rack units, right or 
left 


Part No. 950037 


Rack mounts two instruments, side-by-side, with full extension and 
locking chassis slides 


Part No. 950038 Rack mounts one Model 4200, placed either right or left of an accessory 


storage tray. Provision for front connection to dual-channel rear inputs. 
Full extension locking slides 


OPTIONS -01A and -01B Remote Operation to IEEE Bus Standard: All front panel controls except line 
switch and power reference switch. In addition individual power and dB ranges 
may be selected and selectively zeroed. Listen/talk address set by rear-panel bit 
switch. 


The 4200 implements these subsets of the GPIB function 


SHI Source Handshake, complete capability LEO No Extended Listener capability 
AHI Acceptor Handshake, complete capability SRI Service Request capability 
T6 Basic Talker, Serial Poll, Unaddress if MLA, No RL2 Remote-Local capability. No Local Lockout 
Talker Only capability PPO No Parallel Poll capability 
TEO No Extended Talker capability DCO No Device Clear capability 
L4 _ Basic Listener, Unaddress if MTA, No Listener DTI Device Trigger capability 
Only capability CO No Controller capability 
Note 


MLA = My Listen Address 
MTA = My Talk Address 


In addition to the talk and listen cuinmands, the 4200 responds to the following: 


GTL, Go to local; GET, Group Trigger; UNL, Unlisten; UNT, 
Untalk; IFC, Interface Clear; REN, Remote Enable. 


Output Data Format: 
abcsddddEsd, S, R (cr) (If) 


ab = Mode: power, dBm, dBr d = Data digit d = Data digit 
c = Channel number E = Exponent marker = Status code 
s‘= Sign s = Sign R = Range code 


Output Data Speed: 
Free run access time is 55 ms, or 18 readings per second. 


-03 Input Channel 2: Allows display of either Channel | or Channel 2, or 
Channel 3 which is Channel | minus Channel 2, expressed in dB. 
Requires use of two power sensors. Precludes use of option -02. 


Channel | operates independently of Channel 2. Measurement 
parameters are entered and stored separately for each channel. 


Section I 
Introduction 


TABLE 1-1. PERFORMANCE SPECIFICATIONS (Cont.) 


In Channel 3 operation, GHzentry applies the appropriate calibration 
factors for that frequency separately to Channel | and Channel 2. 
Other measurement parameter entries made in the Channel 3 mode 
do not respond and those previously made for Channel | and 
Channel 2 remain active. 


The recorder output is driven by Channel | or Channel 2 as selected. In 
Channel 3 operation the recorder output reverts to Channel 1. 


-04 Rear Input: Duplicates front panel Channel | input connector. 
-06 Internal TMA (MATE). Requires -01B Option. 
-S/17 Two Inputs-On Front Panel. Requires -03 Option. 
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TABLE 1-2. SENSOR CHARACTERISTICS 


Orift and Noise 


Dverresd Max. SWR Lowest Range 


Rating 
(Warts) 
(dBm) 


Mocel PWR range 
(Impedance) Freq. Range (Watts) 
(RF Connector) (dBm) Drift (typical) Noise (typical) 


Frequency SwA 1Hr RMS 20 
DIODE SENSORS 


51011 (48) 100 kHz to 12.4 GHz 1 AW to 10 mW 300 mw , | 100 kHz to 2 GHz 4 
$502 -60 to +10 dBm +25 dBm 2 GHz to 4 GHz 
N(M) 4 GHz to 11 GHz 2 
11 GHz to 12.4 GHz| 1. 
§1012 (4C) 100 kHz to 1 GHz 1 AW to 10 mw 300 mw 100 kHz to 1 GHz 1.18 65 pw 
7s2 -60to +10 dim +25 dBm 
NIM) 
51013 (4&) 100 kHz to 18 GHz 1 AW to 10 mw 300 mw 100 kHz to 4 GHz 1.3 150 pw 65 pw 
500 -60 to +10 dBm +25 d8m 4 GHz to 10 GHz 1.5 
N(M) 10 GHz to 18 GHz VA 
$1051 (4G) 1 MHz to 26.5 GHz 1 mW to 10 mw 300 mw 1 MHz to 12.4 GHz | 1.28 30 pw 
son -60 to +10 dBm +25 dBm 12.8 GHz to 18 GHzj 1.37 
APC 3.5 (M) 18 GHz to 26.5 GHz} 1.82 


§1015 (SE) 100 kHz to 18 GHz 10 AW to 100 mw 100 kHz to 1 GHz 1.07 1.5 nW 0.65 nw 
son -50 to +20 dBm ied dBm 1 GHz to 2 GHz 1,10 
NIM) 2 GHz to 4 GHz 1.12 
4 GHz to 12.4 GHz | 1.18 
12.4 GHz to 18 GHz 


§1033 (6E) 100 kHz to 18 GHz 100 nW to 1 W 100 kHz to 1 GHz 
son -40 to +30 dBm 1 GHz to 2 GHz 
N(M) 2 GHz to 4 GHz 

4 GHz to 12.4 GHz 
os 12.4 GHz to 18 GHz 


THERMOCOUPLE SENSORS 


$1016 (7E) 10 MHz to 18 GHz 1 uW to 10 mw 30 mw 10 MHz to 15 MHz é 150 nW | 300 nw 
502 -30to +10 aBm +15 d8m* 15 MHz to 10 GHz 
N(M) E 10 GHz to 18 GHz 
* Thermocouple Pulse Characteristics at 25°C: Maximum pulse energy = 5S W-ysec. 
Maximum pulse power = 1 W. Maximum pulse duration at maximum pulse power = 5 usec. 
51017 (BE) 10 MHZ to 18 GHz 10 uW to 100 mw 200 mw 10 MHz to 1§ MHz 
50a -20 to +20 dBm +23 dBm* 15 MHz to 10 GHz 
N(M) 10 GHz to 18 GHz 
* Thermocouple Pulse Characteristics at 25°C: Maximum pulse energy = 30 W-usec. 
Maximum pulse cower = 15 W. Maximum pulse duration at maximum pulse power = 2 usec. 


WAVEGUIDE SENSORS : 
50135 (4K) 18 GHz to.26.5 GHz 10 nW to 10 mW | 109 mw 18 GHz to 26.5 GHz| 1. 60 pw | 120 pW 


WR-42 - -50 to +10 d8m +20 dBm 
UG-595/U 


WARD 180C24 -50 to +10 dBm +20 dBm 


$1036 (4Ka) 26.5 GHz to 40 GHz 10 nW to 10 mw 100 mw 26.5 GHz to 40 GHz| 1. 15 pw 30 pw 
WA-28 -50 to +10 dBm +20 dBm 
UG-599/U 
51037 {4Q) 10 AW to 10 mW 100 mw : 15 pW 30 pw 
WR-22 -50to +10 dBm +20 dBm 
UG-383/U 
51045 (4U) 40 GHz to 60 GHz 10 nW to 10 mw 100 mw 40 GHz to 60 GHz 30 pw 
WRA-19 -50 to +10 dBm +20 dBm 
UG-383/U 


§1972-WRD 18 GHz to 40 GHz 10 nW to 10 mw 100 mw 18 GHz to 40 GHz | 4 60 pw Reade? 


51046 (4V) 50 GHz to 75 GHz 10 nW to 10 mw 100 mw 50 GHz to 75 GHz 30 pw 
WA-15 -50 to +10 d8m +20 dBm 
UG-385/U 


51047 (4w) 75 GHz to 110 GHz 32 nW to 10 mW 100 mw 75 GHz to 110 GHz | 1.3 
WA-10 -45 10 +10 dBm +20 dBm 
UG-387/U 


NOTES: * Will withstana shon periods of overload, extended overload operation may result in permanent change in characteristics of burnout. 


Power linearity uncertainty: (worst case) 48, 4C, 4€ (.003 x {) d8 per dB above +4 dBm: (above + 14.dBm for the 5E and above +24 dBm lor the SE}, 
where f ts in GHz. Other sensors: negigible. 
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Table 1-3A. Model 4200 and DIODE SENSORS: Measurement Speed through the IEEE Bus 


Starting Level, dBm 10-dB Power Step 20-db Power Step 30-db Power Step | 50-db Power Step 


-4E Sensor | -SE Sensor | -6E Sensor | Increasing Increasing salad Increasing | Decreasing | Increasing | Decreasing 


1 
{ 
i 
t 
‘ 
-60 -50 -40 0.60 s N.A. 0.65 s 0.45 s NLA. 0.50 s N.A. 
i} 
! 
‘ 
| 
. 
i 
1 


-50 | -40 | -30 0.60 s oe 40 s A. 35 s NLA. NLA. 
-20 0.40 s 0.35 s 4s 40 s A. N.A. 
re ES ; ' ; ; N.A. 


0.35 s 30 s 0.35 s 0.55 s 0.30 s 1.0 s NA. N.A. 


| 
| 
d 0,203 25s | 0.15 s 0.25 s | TA | 0.70 s N.A. 6.0s 
| 


0.15 s bGE 0.35 a 0.50 s NLA. bs 


1 ONA 35s ae 0.35 s | WA. | 0.60 s NLA. 


Table 1-3B. Model 4200 and THERMAL (true RMS) SENSORS: Measurement Speed through the IEEE Bus 


Starting Level dBm : 10-dB Power Step 20-db Power Step 30-db Power Step 40-db Power Step 


t 
-7 Sensor | -8E Sensor { Increasing = — Decreasing| Increasing | Decreasing | Increasing | Decreasing 
1 


Tee NA 
N.A. 
N.A. 


14.0s 


. “Measurement Speed” is the time required to make measurements within 0.1 dB of final value on the ending range. 
using an HP-85 controller. The free-run access time is 55 ms (18 measurements per second). 


. These are typical speeds (in seconds), using the Display-Hold (“Q™ command) measurement mode. 


. With dual-channel operation (i-e.: with Option -03 installed), the measurement rate is two sets of readings 
per second. 


TABLE 1-3. MAXIMUM RESPONSE CHART FOR SERIES 4200-4 SENSOR. 
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Table 1-3C. Model 4200 and DIODE SENSORS: Measurement Speed through the IEEE Bus 


Starting Level, dBm 10-dB Power Step 20-db Power Step 30-db Power Step 50-db Power Step 


4K. 4Ka. 4Q, 4U, 
4V, 4W, WRDI80 
Sensors 


Increasing | Decreasing Decreasing | Increasing | Decreasing | Increasing | Decreasing 


0.60 s NA. N.A. 0.45 s N.A. 
ads | tos | ows | na | oass | xa 
cae [tae baer ak 
0.35 s 0.35 s 

0.35 s 0.355 0.35 s Lente) wn ee 
0.20 s 0.25 s os | nA | 035s 


1. “Measurement Speed” is the time required to make measurements within 0.1 dB of final value on the ending range, 
using an HP-85 controller. The free-run access time is 55 ms (18 measurements per second). 


. These are typical speeds (in seconds), using the Display-Hold (“Q™ command) measurement mode. 


. With dual-channel operation (i.e.: with Option -03 installed), the measurement rate is two sets of readings 
per second. 


TABLE 1-3. MAXIMUM RESPONSE CHART 2 FOR INSTRUMENT AND 4240 SENSOR (Cont.) 
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Figure 1-2 Outline Dimensions 
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SECTION I 
INSTALLATION 


2-1. INTRODUCTION. 


2-2. This section contains instructions for the installation of 
the Model 4200 RF Microwattmeter. 


2-3. INSTALLATION. 


2-4. Unpacking. The instrument is shipped complete 
with sensors (if ordered), and is ready for use upon 
receipt. Packaging details are shown in Figure 2-1. 
Unpack the instrument carefully, and inspect it for any 
signs of shipping damage. Should any damage be noted, 
notify the carrier and the factory immediately. 


NOTE 


Save the packing material and container for 
possible use in reshipment of the instrument. 


2-5. Mounting. For bench use, choose a clean, sturdy, 
uncluttered surface. See Figure 1-4 for space require- 
ments. For rack mounting, an accessory package, part 
number 950000, is available to mount one instrument, 
and another package, part number 950001, is available to 
mount two instruments side-by-side. 


2-6. Power Requirements. The instrument has a tapped 
power transformer which permits operation from 100, 
120, 220, or 240 volt +10%, 50 to 400 Hz, single phase ac 
power sources. Power consumption is approximately 24 
volt-amperes at 60 Hz. 


2-7. Cable Connections. Interconnecting cable con- 
nections required depend upon the options installed and 
the system applications of the instrument. A line cord and 
sensor cable are supplied with the instrument. Any other 
cables required must be supplied by the user. Cable connec- 
tions that may be required are as follows: 


Figure 2-! Packaging Diagram 
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a. Sensors. The sensor cable supplied with the basic 
instrument connects directly to the front-panel SENSOR 
connector, and the sensor that is to be used for power 
measurements connects directly to the other end of the 
sensor cable. Although the sensors are insulated against 
extreme temperature variations, it is advisable to locate 
the sensor away from heat sources when using the most 
sensitive ranges of the instrument. If the instrument is to 
be used to measure the output of equipment that gener- 
ates heat significantly above the ambient temperature, a 
short length of coaxial cable or solid line having the same 
characteristic impedance as the sensor may be used 
between the sensor and the equipment undergoing test to 
allow heat to dissipate before reaching the sensor. If such 
a cable is used; the length must be kept as short as possible 
for operation at the highend of the frequency range; cable 
losses and an increase in SWR will tend to degrade mea- 
surement accuracy. 


NOTE 


The front-panel SENSOR connector is the 
input connector for channel ] measurements. 
If the instrument is equipped with option -03, 
a sensor may be connected to the rear-panel 
connector marked SENSOR; the same condi- 
tions apply to this sensor connection. The 
rear-panel connector is the input connector 
for channel 2-measurements. 


b. Recorder Output. Recorder connector J20 (type 
BNC) on the rear panel provides an analog dc voltage for 
application to a remote recorder. The output resistance is 
approximately 9000 ohms, delivering | milliampere into a 
1000 ohm load for full scale input in the power mode. The 
analog dc voltage is proportional to the following: 


(1.) In the power mode, it is proportional to displayed 
power, with 10 volts for full scale each range, either 
channel. 


(2.) In the dB mode, it is proportional to displayed dBm 
with the relationship shown following: 
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Recorder Output 


Sensors Series 


4/7/K/Ka 
Q/U/V/W/ 
WRD180 


NWP UNDA~)I CO” | 
NW RUA ~) CO XO 


NW APU DH ~1 00 0 | 


(3.) Inthe channel 3 mode (option), it is similar to the dB 
mode, but for the channel | level only. 


c. Status Output. Rear-pane! connector P3 provides 
signal outputs for input disconnect during zeroing 
operations and high.and low DB limit signals during d 
measurements. The dB limits always test against tl 
displayed value for operation. With the calibration factor 
and dB reference level equal to zero, the dB limits - 
entered prevail. With a dB reference level other than zer 
the displayed value is checked against the limits chosen. 
In the channel 3 mode (option), the first limit exceeded. 
whether channel | or channel 2, activates the limit statu 
Pin connections are as follows: 


Connector Pin Signal 
1 Common 
2 Not used 
3 Logic high indicates zeroing 
operation 
4 Logic low within dB limits; 
logic high above high dB limit 
> Logic low within dB limits: 


logic high below low dB limit 


Section HI 
Operation 


Se ee en 
é i 


pare 
© 


OPT ME eer reece verter: 
le : “a 


PWR REF 


" @@ee¢e¢o0@ 


RECORDER 
tpt | s4321 


ACCESSORY SERIAL WO.LS) peat | . 
semi ate 19892 9864 3109 
"Hwee CHNL2 OFTIONS 


1A-03 


ee ciate tten ees 


Figure 3-2 Rear View of Instrument 
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OPERATION 


3-1. INTRODUCTION. 


3-2. This section contains the operating instructions for the 
Model 4200 RF Microwattmeter. 


3-3. OPERATING CONTROLS, 
INDICATORS, AND CONNECTORS. 


3-4. The controls. indicators. and connectors used during 
the operation of the instrument are listed in Table 3-1 and 
shown in Figures 3-1 and 3-2. 


3-5. SENSOR CALIBRATION DATA. 


3-6. Calibration corrections for sensors ordered with the 
instrument are written into microprocessor storage at the 
factory before shipment of the instrument and sensor. A 
copy of this information is stored under the right side cover. 
When the CAL FACTOR GHz function of the instrument 
is used during measurement. the microprocessor reads and 
interpolates the stored data on the basis of the specified 
measurement frequency. and corrects all meusurement 
values.accordingly. The microprocessor memory has stor- 
age capacity for calibration data for up to eight sensors. 
Calibration corrections vary for different sensors: therefore. 


if sensors are to be substituted or added in the field. calibra-" 


tion data for these sensors must be written into memory in 
the field in order for the CAL FACTOR GHz function to be 
accurate. Refer to paragraph 5-37 for calibration data entry 
procedures. 


3-7. POWER APPLICATION. 


3-8. The basic instrument is designed for operation from a 
100. 120, 220. or 240 volt. 50 to 400 Hz. single phase. ac 
power source. To apply ac power, proceed as follows: 


a. Determine the line voltage at the ac power output 
receptacle. 


b. Set the two slide switches on the rear panel to conform 
to the available ac line voltage. 


c. Check the rating of the fuse in the rear-panel fuse- 
holder. For 100 or 120 volt operation. the fuse should be a 
0.3 ampere. MDL Slo-Blo type: for 220 or 240 volt opera- 
tion. it should be a 0.2 ampere. MDL Slo-Blo type. If the 
rating of the fuse is incorrect, install a fuse of the required 
rating in the fuseholder. 


WARNING 


The instrument is designed to operate from a 
3-terminal (one ground) ac power receptacle. 
If only a 2-terminal ac power receptacle is avail- 
able. use a 3-prong to 2-prong adapter. Connect 
the ground wire of the adapter to the power 
receptacle ground to eliminate a potential shock 
hazard to the operator. 


d. Connect the power cord between the ac power con- 
nector on the rear panel of the instrument and the ac power 
receptacle (with adaptor, if necessary). 


3.9 PRELIMINARY CHECKOUT 


NOTE 


The following checkout procedure is intended 
mercly to demonstrate that the major circuits of 
the instrument are operating before the instru- 
ment is pluced for service. For a detailed check 
of the instrument against performance specifica- 
tions, refer to paragraph 3-34. 


3-10. To perform the preliminary checkout, proceed as 
follows: 


a. Set the LINE switch to the ON position. 


b: Check operation of the LED display and the 
numerical keys by pressing the following keys in the 
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TABLE 3-1. OPERATING CONTROLS, 
INDICATORS, AND CONNECTORS 


Control, Indicator | Figure and Control, Indicator, | Figure and 
or Connector Index No. Function or Connector Index No. 


LSN. ATN. REM. SELEC ALK evs 
and TLK CHNL key 
annunciators 


Function 


Provides means for 
entering and recalling 
channel and sensor 
serial numbers. 


Indicates operation of 
IEEE-488 bus interface 
(option -01). 


Meter Indicates power and 


dB levels for peaking 


and nulling operation. RERCEL Provides means to set 
: A dB the dB reference 
CHI, CH2, and Indicates channel in key 


*SET level. 


CH3 annunciators use. 


' ae ery CER. Provides means for 
emia peaetilesh a laat) LG ay clearing incorrect 


indication mode 
(POWER or dB). 


digit(s) entry. clearing 
dB calibration factor 
and dB reference level 
to zero, and returns 
keyboard control from 
IEEE-488 bus control. 


RANGE keys Selects ranging mode 


(AUTO or HOLD). 


Four digit LED 
display with minus 


LED display 


sign and decimal Numerical, Provides means for 
points: provides decimal point, and entering signed 
numerical indication and CHS keys numerical data. 


of méasured power or 
dBm. and of data 
entered or recalled 
through keyboard. 

or error messages. 


LINE switch Provides means for 
turning AC line 


power on and off. 


/ POWER REF 


connector 


Supplies | mW level 
at 50 MHz to 50 ohm 
load when POWER 

REF ON switch is set 
to ON position. 


mW, pW, and nW 
annunciators 


Indicates units of 
power when instru- 
ment is Operating in 
power mode. 


SENSOR 


connector 


Provides means for 
connecting sensor to 
channel | input. 


dBm and dBr 
annunciators 


Indicates dB mode in 
use when instrument 
is Operating in 

dB mode. 


Provides means for 
calibrating instru- 
ment when sensor Is 
connected to | mW 
source. 


CAL key 


LIM annunciator Indicates when power 
level in dB ts outside 


selected dB limits. 


Provides means for 
entering and recalling 
dB limits (LO and HI). 


LIMITS dB keys 


Provides means for 
generating and storing 
zero corrections for all 
ranges with zero input 
to sensor. 


Provides means for 
entering und recalling 
calibration factors in 
terms of dB or 
frequency. 


CAL FAC keys 
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TABLE 3-1. OPERATING CONTROLS, INDICATORS, AND CONNECTORS (Cont.) 


Control, Indicator | Figure and Control. Indicator, | Figure and 
or Connector Index No. Function or Connector Index No. 


Connector for [EEE- 
488 bus operation 
(option -O1). 


S1 switch Provides meuns for 
selecting instrument 
address when instru- 
ment is equipped with 
IEEE-+488 bus interface 
option (option -01A) 


P3 connector Provides logic level 


signals for input 


disconnect during 
ZerOINY Operations 
and high and low dB 
limit signals during 
dB measurements. 


sequence indicated and noting the LED display: 


Press Display 
Cile 0000 
‘ 0000. 
0 000.0 
l 00.01 
2 0.012 
3 0123 
CLR 0000 
4 0004 
5 0045 
6 0456 
A 4567 
CLR 0000 
8 0008 
2 0089 
CHS -0089 
CLR 0000 


c. Enter measurement parameters by pressing the fol- 
lowing keys: 


| SELECT CHNL 
MODE dB 

RANGE AUTO 

0 CAL FACTOR dB 
DO. REE CEVED GR 
-90 dB LIMITS LO 
-90 dB LIMITS HI 


d. Connect the sensor cable to the front-panel SENSOR 
connector, and connect the sensor to the free end of the 
sensor cable. Note the sensor number indicated on the 
barre! of the sensor, and enter this number through the 
numerical keyboard by pressing the numerical key corres- 


3-4 


Power connector (a ll 
J1 connector 


and messuge terminator. 


Function 


Provides connection 
for power cord. 


LINE VOLTAGE x Sets Provides means for 

selector switch selecting proper line 
voltage. 

INPUT 3-2.6 Provides meuns for 

connector connecting sensor to 
channel 2 input 
(option 03). 

INPUT LEAT / Alternate position for 

connector INPUT channel | 
(option 04). 

RECORDER ya iy: Provides means for 

connector connecting analog 


DC voltage to remote 
recorder. 


ponding to the ‘sensor number and then pressing the 
SELECT SENS keys. (Example: 2 SELECT SENS.) 


e. Check to seé that the dBmand CHI] annunciator: 
lighted. 


f. With zero input to the sensor, press the ZERO 
the instrument will now begin the zeroing process. 
instrument display during the zeroing period will be “cccc. ~ 
Upon completion of zeroing, the display will be “cc03 


g. Connect the sensor to the POWER REF connec.-r. 
The LED display should indicate approximately 00.00 
dBm (assuming that a 50-ohm sensor is used). If it does 
press the CAL key. 


h. Key in.2 CAL FACTOR dB through the keyboard. 
The LED display should change to approximately O22, 
dBm. 


i. Key inO CAL FACTOR GB through the keyboard. 
The LED display should return to approximately 0200 
dBm. 


j. Key in | CHS REF LEVEL GB through the key- 
board. The LED display should indicate approxima ly 
01.00 dBr. 


k. Keyin!] REF LEVELdB through the keyboard. 1c 
LED display should indicate approximately -01.00 dBr. 


|. Key in 5 LIMITS dB HI through the keyboard.” 
LIM annunciator should be olf. 


m. Key in5 CHS LIMITS dB LO through the keybo:_ J. 
The LIM annunciator should remain off. 


n. Key in .5 LIMITS dB HI through the keyboard. The 
LIM annunciator should remain off. 


o. Key in .5 CHS LIMITS dB LO through the keyboard. 
The LIM annunciator should light. 


p. Keyin0 REF LEVELGB through the keyboard. The 
LED display should indicate 00.00, the LIM annunciator 
should be off and the dBm annunciator should be lighted. 


q. Press the MODE PWR key. The LED display should 
indicate approximately 1.000 mW. 


r. Disconnect the sensor from the POWER REF 
connector. 


3-11. OPERATING INSTRUCTIONS. 


3-12. Measurement Parameters. 


a. General. Measurement parameters are entered into 
the microprocessor through the front-panel keyboard. In 
order to eliminate the need for repeated reprogramming, 
parameters entered through the keyboard are stored in 
non-volatile memory, and the stored parameters are unaf- 
fected by instrument turn-off and turn-on. It is important 
to remember that the last used parameters are stored in the 
instrument because these stored parameters could cause 
what may appear to be erroneous indications when subse- 
quent measurements are made. For example: if the instru- 
ment had been programmed for operation with sensor 2 
and sensor | is used instead, the LED display may be 
inaccurate ifa GHzcalibration factor is entered because the 
sensor 2 calibration factors will be used by the micropro- 
cessor instead of the sensor | calibration factors. If there is 
any question about stored measurement values, the last 
entered values can be recalled for display as described in 
subparagraph b below. Measurement parameters may be 
changed at any time. 


NOTE: 


When the instrument is in the store or recall mode, 
the LED display and the annunciators blink on and 
off. This feature is intended to alert the operator to 
the fact that .the displayed value is not a measured 
value; it is a value that has been recalled from the 
instrument memory or that is to be entered into 
memory. 


3-13. Use of Numerical Keys. The numerical keys are used 
to enter numerical values for LIMITS dB, CAL FACTOR, 
SELECT, and REF LEVEL GB functions. Whenever any 
numerical key is pressed, the microprocessor interrupts the 
measurement operation to accept new data. Numerical 
values are keyed in normal sequence, and keyed-in values 
enter the LED display from right to left. Up to four digits, 
plus decimal point and minus sign can be entered; entries 
exceeding four digits are ignored. Pressing the decimal 
point key places a decimal pointafter the right-most digit in 
the LED display. Pressing the CHS key changes the sign of 
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the entry in the LED display; that is. plus becomes minus, 
or minus becomes plus. (The plus sign is not displayed.) If 
anerror is made during entry of numerical values, press the 
CLR key and repeat the data entry process. When the LED 
display shows the desired numerical value, pressing the 
applicable LIMITS dB, CAL FACTOR, SELECT, or 
REF LEVELGB key will cause the microprocessor to store 
the keyed in parameter and return automatically to the 
measurement cycle. Recall of the last entered values is 
accomplished by depressing the LIMITS dB HI, LIMITS 
dB LO, CAL FACTOR dB. CAL FACTOR GHz, 
SELECT ‘CHNEYSELECT SENS, or REF CEVERs 
keys, as applicable. The value stored for the selected 
parameter is displayed on the LED display. When a recall is 
performed, the instrument remains in the recall state until 
either a MODE key or a RANGE key is depressed: the 
instrument then returns to the operating state. 


3-14. SELECT Function. The SELECT keys are used by 
the operator to specify the number of the sensor to be used 
for measurements, and the measurement channel. 


IMPORTANT NOTE: 


For normal operation. the CHANNEL and sensor 
must be selected before any operation ts performed. 
however, the CHANNEL must be selected before the 
sensor is selected. 


a. The basic instrument contains only one measurement 
channel. This measurement channel is designated-channel 
1. and the front-panel SENSOR connector provides the 
input to this channel. An option is available for addition of a 
second measurement channel. When this option ts included. 
the additional channel is designated channel 2. “and input 
power levels are applied to this channel for measurement 
through a rear-panel connector. To further enhance the 
usability of the instrument. a channel 3 mode may be exer- 
cised. When channel 3 operation is specified. channel | and 
channel 2 levels are measured and compared by the micro- 
processor, and the difference in relative dB (with the chan- 
nel 2 level as the reference) is displayed on the LED dis- 
play. Channel | measurements. channel 2 measurements, or 
the channel! 3 function can be selected using the numerical 
keys and the SELECT CHNL key: 


Example: To select the channel | input for measurement: 


Press Display 
| 0001 
SELEGECHNE 


b. Calibration data for up to eight sensors can be stored 
in the instrument. In order to use the proper calibration data 
when the CAL FACTOR GHz, function is selected. the 
microprocessor must be advised as to which sensor is being 
used. The SELECT SENS key is used in conjunction with 
the numerical keys for this purpose. The sensor number ts 
shown on the barrel of each sensor. 
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Example: To specify sensor number two: 


Press Display 
2 0002 
SELECT SENS 


c. Sensor serial numbers are stored in the non-volatile 
memory. To recall sensor serial numbers: 


Press Display 
will respond 
with the serial 
number stored in 
memory. 


SENS | 
°S/N RE 


3-15. MODE Selection. The MODE keys enable the opera- 
tor to select the desired measurement mode. When the 
MODE PWR key is pressed. measured power levels are 
displayed in mW, »W, or nW; the annunciators associated 
with the LED display indicate the appropriate unit. When 
the MODE dB key ts pressed. measurement values are 
displayed in terms of dB with respect to an operator- 
entered dB reference level. If 0 dB had been chosen as the 
reference level, the displayed numerical values represent 
dBm, and the dBm annunciator is lighted; selection of any 
other dB reference level causes lighting of the dBr annun- 
ciator, and displayed measurement values represent dB 
with respect to the selected reference level. Resolution of 
the instrument in the dB mode is 0.01 dB. 


3-16. RANGE Selection. The RANGE keys enable the 
operator to select either automatic ranging or a range hold 
function. The automatic ranging function, which is most 
effective when measuring unknown or wide varying 
power levels, is activated by pressing the RANGE AUTO 
key, and the microprocessor then selects the appropriate 
measurement range automatically. If input power levels 
exceed the upper measurement limit of the instrument, an 
error indication (cc04) appears on the LED display; if input 
power levels are below the low measurement limit of the 
instrument. the instrument displays cc03. Ranging time isa 
function of a number of factors such as absolute level, 
change in level, analog response time, and direction of 
change. (See Figure 1-2 and 1-3.) The range hold function is 
useful whena series of measurements of approximately the 
same power level are to be made; selecting this mode elimi- 
nates delays due to ranging time. The range hold function is 
useful only in the PWR mode. When the RANGE HOLD 
key is pressed, the instrument remains on the measurement 
range that was active at the time the key was pressed. Input 
power levels that exceed the upper limit of this range cause 
anerror indication (cc04) on the LED display; input power 
levels below the low limit of this range result in fewer 
significant digits in the LED display. Ifthe minimum capa- 
bility of the instrument is reached. the instrument diplays 
ccQ)3. 
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3-17. LIMITS dB Selection. The LIMITS dB keys enabk 
the operator to program high and low dB limits into the 
instrument. Input power levels outside these limits will 
cause lighting of the LIM annunciator and activation o 
out-of-limit signals at rear-panel connector P3. 


a. Limits are entered by keying in the numerical value in 
dB, using the numerical keys. and then pressing the LIM. 
ITS dB LO or LIMITS dB HI key, as applicable. 


Example: To enter a low limit of -31.34 dB: 


Press Display 
3 0003 
I * 0031 
; 0031 
7 | 031.3 
4 31.34 
CHS -31.34 


LIMITS dB LO 


b. The dB limits always test against the value displayed. 
Ifthe measurement isindBm(0 REF LEVELGB). the limit 
is in dBm. If any value other than 0 dB is chosen for the 
reference level. the limits operate in d Br (relative dB), which 
is the displayed value. If it is desired to have the limits 
operate on dBm when the REF LEVEL is other than 0 
dBm. the value entered as the REF LEVEL should be 
subtracted algebraically from the desired dBm limits 
(reverse the sign of the REF LEVEL dBand add algebrai- 
cally to the desired limit in dBm). 


c. The dB limit function is always operative in the 
instrument. Forall practical purposes, it can be cancelled. if 
desired. by entering a high limit of 90dBand a low limit of 
-90 dB. 


3-18. CAL FACTOR Selection. The sensors used with the 
instrument are frequency sensitive; that is, with a constant 
input power level applied. their output signal level does not 
remain constantas the measurement frequency is changed. 
The CAL FACTOR keys provide means for introducing a 
calibration factor in terms of one or two parameters, either 
the actual dB calibration factor, or the measurement 
frequency. 


a. A calibration chart is attached to the barrel of each 
sensor, and the calibration factor in dB for the measure- 
ment frequency being used can be computed from this 
chart. This dB calibration factor can then be entered into 
the instrument, using the numerical keys and the CAL 
FACTOR dB key, and the microprocessor will correct all 
subsequent measurements, both dB and power, auto- 
matically in accordance with the dB calibration factor 
entered. 


Example: To enter a dB calibration factor of -0.3 dB: 


Press Display 
é 0000. 
3 000.3 

CHS -000.3 


CAL FACTOR dB 


b. Reading and interpolation of the calibration chart 
can be tedious and subject to error or inaccuracy. The CAL 
FACTOR GHz function provides a simple, alternative 
method for calibration data selection. Calibration data for 
up to eight sensors can be stored in the memory; such 
calibration data may be entered into storage at the factory 
or in the field. When the sensor number and the measure- 
ment frequency are entered through the keyboard, the 
microprocessor computes the required correction from the 
stored data and corrects subsequent dB and power mea- 
surements accordingly. The sensor number is entered using 
the SELECT function described in subparagraph g: the 


measurement frequency is entered using the numerical keys ~ 


and the CAL FACTOR GHz key. To recall the last entered 
frequency for display, press the CAL FACTOR GHz key; 
to determine the calibration factor value for this frequency, 
press the CAL FACTOR dB key. Pressa MODE key ora 
RANGE key to return the instrument to the operate mode. 


Example: To specify a measurement frequency 


Press Display 
a 0003 
: 0003. 
3 003.3 


CAL FACTOR GHz 


3-19. REF LEVEL GB Selection. The instrument normally 
uses | mW, 50 ohms as a reference for computing dBm 
measurement values; the dBm annunciator is lighted dur- 
ing sucn operation. The REF LEVEL dB key, used in 
conjunction with the numerical keys, enables the operator 
to sclect any other desired dB reference level: subsequent 
level indications are with respect to the selected reference, 
and this display mode is indicated by lighting of the dBr 
annunciator. 


u. A dB reference level is entered by keying in the 
desired numerical value in dB, using the numerical keys, 
and then pressing the REF LEVEL dB key. 


Example: To enter a dB reference level of -15.3 dB: 


Annunciators 

Press Display dBm dBr 

I 0001 Lighted Off 

5 0015 Lighted Off 

: 0015. Lighted Ott 

3 015.3 Lighted Otf 
CHS -()15.3 Lighted Ott 

REF LEVEL dB Otf Lighted 
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b. To return to the dBm measurement display mode, ~ 
enter a O dB reference level, or press the CLR and REF 
LEVEL GB keys. 


Example: 
Annunciators 
Press Display dBm dBr 
0 0000 Of Lighted 
REF LEVEL dB Lighted Otf 
NOTE: 


The maximum display capability of the LED display 
is +99.99 dB. When operating in the dBr mode, keep 
this fact in mind. Avoid choice of dB reference levels 
that will result in display values that exceed the LED 
display capacity. Keyboard entries beyond the capa- 
bility of the instrument produce error indications 
(ccOt or ccO02 for entires too small or too large, 
respectively). 


c. The displayed dBm may also be used as the reference 
level. This is accomplished by first depressing the decimal 
point key and then the 


REF,LVL dB 


The display will indicate 00.00 showing °S/N that the pre- 
viously displayed dBm level has now become the REF 
LEVEL. This reference may be recalled by pressing the 
REF LEVEL dB key: it can be cleared by depressing the 
CLR and the REF LEVEL dB keys. 


Note that this entry method utilizes the current dBm level, 
and would replace any previously entered dB reference 
level. Note also that this procedure of entering the existing 
dBm leve! as the dB reference level is nor operative in 
IEEE-488 bus interface operation (Appendix A). 


3-20. Entry Limits. Limits for entry of parameter values 
ure as follows: 

a. CAL FACTOR dB: 3.00 to — 3.00 

b. CAL FACTOR GHz: 0.0 GHz to 999 GHz (sensor 
dependent) with minimum increment of 0.1 GHz 

c. REF LEVEL dB: 0 to £99.99, with minimum incre- 
ment of 0.01 dB 


Jd. LIMITS dB L.O and LIMITS JB HI: 0 to #99.99, 
with minimum increment of 0.0} dB. 


3-21. Recall of Entered Values. The last entered value for 
each of the corresponding functions may be recalled for 
display on the LED display by pressing the following keys: 


LIMITS dB LO SELECT SENS 
LIMITS dB HI SELECT CHNL 
CAL FACTOR dB REF LEVEL dB 
CAL. FACTOR GHz 
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After any of the above keys are pressed, the instrument 
remains in the recall mode. To return to the operating 
mode, press any of the MODE keys or RANGE keys. 


NOTE 


When the instrument is in the recall mode, the LED 
display and the annunciators will blink on and off. 


3-22. Zeroing the Instrument. For greatest accuracy, 
especially on the most-sensitive ranges. the instrument 
must be zeroed. Zeroing is accomplished by depressing the 
ZERO key with zero power applied to the sensor. 


The zeroing period is composed of two parts. When the 
ZERO key is depressed. a range-dependent “waiting 
period” occurs first: it is followed by the actual zero acquisi- 
tion for each range. The purpose of the waiting period is to 
permit the sensor, and the instrument's analog and digital 
circuits, to reach a clear (zero) state. The higher the level of 
the signal prior to zeroing. the longer the waiting period 
required. 


NOTE 


When the instrument is first turned on, fvo succes- 
sive zeroing operations should be performed. 


A TTL-compatible signal (true high), marking the begin- 
ning of the zeroing operation, is available at Pin 3 of P3 on 
the rear panel. If this signal is utilized to remove incoming 
power to the sensor, the waiting period will automatically 
become range-dependent. If this TTL signal is not utilized. 
the same results can be achieved by depressing the ZERO 
key immediately before removing the incoming signal from 
~ the power sensor. If the incoming signal is removed prior to 
depressing the ZERO key, the instrument will immediately 
begin down-ranging—which would result ina shorter wait- 
ing period than is desirable. In such an event, a second 
zeroing operation should be used. 


CAUTION 
If the rear-pane! (Pin 3, P3) power-removal sig- 
nalis not utilized, signal power musz be removed 
immediately following depression of the ZERO 
key. If signal power remains connected to the 
sensor during the zeroing operation, an crrone- 
ous set of zeroes will be generated. 


During the warm-up period. and whenever ambient condi- 
tions are changing, the instrument should be zeroed fre- 
quently if the lowest ranges (i.e., highest-sensitivity ranges) 
are being used. 

The display during the veroing period will indicate cece. On 
completion of zeroing, and if no signal is being applied to 
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the sensor, the display will indicate cc03. Ifa signal is bein; 
applied, and if the rear-panel (Pin 3, P3) power-disconnect 
signal is being utilized, the display will indicate the power 
being supplied to the sensor. 


The approximate zeroing times, including the “waiting 
periods,” are listed in Table 3-2. 


TABLE 3-2. INSTRUMENT ZEROING TIME 


Sensor Series 
Zeroing Time 
4200-4 4200-5 4200-6 4200-7 4200-8 (Seconds) 


dBm dBm dBm dBm dBm 


3-23. Calibrating the Instrument. The instrument incor- 
porates a power reference and automatic calibration facili- 
ties for fine sensitivity corrections. Sensitivity corrections 
are limited to a maximum of approximately £3.5% from 
the original, factory set values as a precautionary measure. 
This feature protects against gross miscalibration which 
might occur if calibration were attempted with a power 
level other than that supplied by the power reference 
applied to the sensor. If computed calibration corrections 
from the factory set value exceec approximately £3.57, 
the instrument rejects the sensitivity correction and reverts 
to its previous sensitivity. To use the calibration function, 
proceed as follows: 


a. Program the instrument for power mode, autorange, 
and the appropriate measurement channel and sensor. 


b. Enter a calibration factor of 0 dB through the 
keyboard. 


c. Connect the sensor to the POWER REF connector. 


d. Press the CAL key. The LED display should indicate 
1.000 mW +£0.1% (40.4% for 4200-5 sensors). 


NOTE 


If the instrument is supplied with a 75-ohm sensor 
(4200-4C), an adapter (P/N 950006) is also supplied. 
Use this adapter between the POWER REF connee- 
tor and the sensor to convert the Type N POWER 


REF connector to a 75-ohm Type N. Before calibra- 
tion, enter a 1.76 dB CAL FACTOR to compensate 
for the mismatch error that is introduced by the 
75-ohm sensor. 


3-24. Error Messages. Under certain conditions, the LED 
display returns error messages as follows: 


Display Condition 

cc0 | Illegal entry, too low 

cc02 Illegal entry, too high 

cc03 Signal level out of range (low) 

cc04 Signal level out of range (high) 

cc05 Zero acquisition out of range-excessive nega- 
tive offset (hardware malfunction) 

cc06 Zero acquisition out of range-excessive positive 
offset (input too large) 

cc07 Signal level out of range, one channel high, one 


channel low, in channel 3 mode of operation. 


3-25. MEASUREMENTS. 


3-26. Making Power Measurements. Once the instru- 
ment has been programmed, calibrated, and zeroed, it is 
ready for power level measurements. Merely connect the 
sensor to the source whose power level is to be measured. 
The power level will be displayed directly on the LED 
display. 


3-27. Low-Level Measurements. The instrument will 
provide reliable, reproducible measurements of CW, AM, 
and FM power levels as lowas I nW (-60 dBm). It canalso 
be used for pulse measurements but with slightly decreased 
accuracy (+ dB). Peak power levels for pulse measurements 
should not exceed 200 np W (20 pW for Series 4200-4 sen- 
sors); above this level the sensor enters the. region where it 
Operates out of the square-law region, and accuracy at such 
signal levels is correct for CW and FM only. 


3-28. High-Level Measurements. Zeroing of the instru- 
ment is not critical when making high-level measurements 
(10 2W to | W). CW and FM power measurements can be 
obtained within the specified accuracy up to |W: accuracy 
cannot be guaranteed for pulse power measurements with 
instantaneous (35 pW for Series 4200-4 sensors) peaks 
exceeding 350 pW. 


3-29. High-Frequency Measurements. At frequencies 
abovve | GHz, the appropriate sensor calibration factor 
must be entered through the keyboard if the specified accu- 
racy of the instrument is to be realized. (Refer to paragraph 
3-18). 


NOTE 
Model 4200-4A, 4200-4B. 4200-4E, 4200-5B, 4200- 
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SE, 4200-6E, and 4200-7E, 4200-8E, and Waveguide 
Sensors are calibrated for use with a 50-ohm source; 
model 4200-4C sensors are calibrated for use with a 
75-ohm source. Impedance mismatch results in in- 
creased SWR, which affects measurement accuracy. 
This effect can be reduced by inserting a low-SWR 
attenuator (SWR less than 1.10) or a low-loss tuner 
between the source and the sensor. 


3-30. Temperature Effects. Specified instrument accura- 
cies apply over an ambient temperature range of 21°C to 
25°C. Operation outside this temperature range causes 
some additional error. Refer to table 1-1 for accuracy 
versus temperature. Figure 3-3 shows typical temperature 
characteristics of sensors, and Figure 3-4 shows typical 
temperature characteristics of the instrument and sensors 
combined. 


NOTE 


For best zero stability of the instrument, allow the 
instrument and sensor to reach a stable temperature. 


3-31. SWR Measurements. The high upper-frequency 
limit and sensitivity of the instrument facilitate SWR mea- 
surements with a slotted line. SWR measurements require 
only comparative, rather than absolute, measurement 
values; therefore, the instrument may be used up to 20 GHz 
with a model 420044E sensor. The front-panel meter is 
especially useful for rapid determination of maximum and 
minimum power points. SWR is determined by measuring 
the dB difference between a maximum and a minimum 
voltage point ona slotted line and converting this difference 
to SWR. An adapter, usually available from the slotted- 
line manufacturer, is required to couple the sensor to the 
slotted line. To make slotted-line SWR measurements, 
proceed as follows: 


a. Connect the sensor to the sliding carriage, using a 
suitable adapter. 


b. Ascertain that the signal source is turned off; then, 
zero the instrument. 


c. Turn on the signal source and slide the carriage 
along the slotted line until a_point of maximum indica- 
tion is located. Adjust the source signal level and the 
probe setting for the least coupling that yields a -41 dBm 
reading at the maximum point. (The incident power 
should be at least 0 dBm.) 


d. Slide the carriage along the slotted line until a 
minimum indication is located. Read the level at this 
point. Subtract the measured level at the minimum point 
from that at the maximum point, ignoring signs. Convert 
the resultant AdB into SWR, either through use of the 
SWR conversion chart (Figure 3-5) or by computation. 
SWR is the antilog, base 10, of Adb/20. 
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Figure 3-4 Typical Combined Temperature Characteristics of Instrument and Sensor 
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Figure 3-5 dB-SWR Conversion Chart 


3-32. Shielding Recommendations. If the instrument is 
subjected to strong noise fields, accurate zeroing may be 
difficult unless the sensor is shielded during the zeroing 
operation. The simplest method of shielding is to connect 
the sensor to the device whose power level is to be mea- 
sured, first making sure that the device is turned off; how- 


ever, in some instances, the device may act as an antenna 


and introduce additional noise voltage into the sensor. If 
this happens, disconnect the sensor from the device, stand 
the sensor, end down, on a copper plate, and hold it down 
firmly so that the rim of the sensor connector makes good 
contact with the copper plate at all points. Alternatively, 
wrap a piece of thin copper foil around the threaded 
portion of the connector body, and crimp the foil around 
the open end of the connector, making certain that the 
center pin of the connector is not shorted. If frequent 
zeroing in strong noise fields is necessary, construct an 
adapter, using a Type Nconnector permanently fitted with 
a copper foil shield. 


3-33. Analog Output. A dc voltage proportional to 
either power or dBm is available at rear panel recorder 
connector J20 for recorder or other applications. This 
output voltage will be affected in both power and dB 


modes by calibration factor entries. The source resistance 
of the recorder output is approximately 9000 ohms, 
permitting a current of 1 mA into a load of 1000 ohms at 
full scale power. Output levels for various measurement 
modes are as follows: 


au. In the power mode, the dc output level is 
proportional to the displayed power, with 10 volts at full 
scale for each range. 


b. Inthe dB mode, the dc output level is proportional to 
dBm according to the formula (Series 4/7/K/KA/Q0 
Sensors) 


V OUT=(8+ nae volts 


Example: 


The voltage output at -20 dBm would be: 


(8 + a volts = 6 volts 


This output is a function of dBm only, but is effected by 
CAL FACTOR entries. 


Section III 
Operation 


c. Inthe Channel-3 mode of operation (Option -03), 
the recorder output is proportional to the difference in dB 
of channel | minus Channel 2. This output is affected by 
both the calibration factors and the dB reference levels 
entered in each channel. The equation 1s: 


RECORDER OUT (VOLTS) 


- ‘ela +dB CAL FACT CH! —dB REF.ch.1) 
4 10 


_ (dBch.2 +dB CAL FACT CH2 +dB REF ch.2) +3| 
10 


Or. equivalent: 


dBai 
RECORDER OUT (VOLTS) = ee x 


Valid recorder outputs will be obtained for display indica- 
tions-of -80 dB (0 volts) to +30 dB (11 volts). 


3-34. MINIMUM PERFORMANCE 


STANDARDS. 


3-35. Test Equipment Required. For minimum per- 
formance testing of the instrument, an adjustable power 
source, such as the Boonton Electronics Corporation 
Model 25A Power Meter Calibrator, anda dc voltmeter 
or oscilloscope capable of measuring 0 to +10 volts are 
required. 


3-36. Preliminary Setup. 


a. Turn on the instrument and the adjustable power 
source and allow sufficient warmup time. If either unit 
had been stored at ambient temperatures substantially 
different from the ambient temperature at the minimum 
performance test facility, make sure enough time is 
allowed for each device to reach ambient temperature. , 


b. Set the adjustable power source output to zero, and 
connect the sensor between the adjustable power source 
and the front-pane! SENSOR connector of the instru- 
ment, using the sensor cable. 


c. Key in the following measurement parameter data 
through the keyboard: 
LSELECT CHNL 


N SELECT SENS (N = number of sensor being used) 
MODE dB 


RANGE AUTO 
LIMITS dB — any 
0 CAL FACTOR dB 
0 REF LEVEL dB 


NOTE 


Maintain the same measurement parameters 
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for each of the following tests unless specifi- 
cally directed otherwise. 


3-37. Automatic Zero Function Test. To check the 


automatic zeroing function of the instrument, proceed as 
follows: 


a. Ascertain that the signal input to the sensor is zero. 


NOTE 


Do not confuse 0 dB with zero input. Forzero 


input to the sensor, turn off the adjustable 
power source. 


b. Press the ZERO key and ascertain that the logic 
signal leve! at pin 3 of rear-panel connector P3 switches 
from a logic low to a logic high when the ZERO key is 
pressed, remains high throughout the zeroing period 
(approximatcly 26 seconds), and returns to a logic low at 
the end of the zeroing period. During zeroing, the front- 
panel LED display should show the following: 


Display Comment 
cccc Zeroing 
cc03 Zeroing complete 


3-38. Autoranging Mode Test. To check the auto- 
ranging function of the instrument. set the output level of 
the adjustable power source to.each of the values listed 
below and ascertain that the instrument LED display 
readout agrees with the input power level within +0.2 dB 


+10 dBm 
0 dBm 
-10 dBm 
-2¢ dBm 
-30 dBm 
+0 dBm | 
-S0 dBm 


NOTE 
For lowest ranges. rezero if necessary. 
3-39. Range Hold Function Test. To check the range 
hold function of the instrument, proceed as follows: 


a. Set the output level of the adjustable power source 
to 0 dBm. 


b. Press the RANGE HOLD key and the MODE 
PWR key. 


c. Ascertain that the LED display readout ts 1.000 
MU Wer ea 


d. Set the adjustable power source output to each of » 
the following levels in succession, and ascertain that the 


corresponding listed LED indications are obtained on 
the instrument: 


Power Source Level Instrument Indication 


10 mW cc04 (power level too high) 
1 mW 1.000 mW 
100 pW 0.100 mW 
10 pW 0.010 mW 
or 


ccQ3 (if less than 10 counts; 
power level too low) 


e. Press the RANGE AUTO key. 


NOTE 


When the range hold function is selected. 
input power levels greater than the power 
decade operative when the selection was made 
will result in overranging of the instrument 
and display of an error indication; lower input 
levels result in a decrease in the number of 
significant digits in the display. Note that the 
decimal point and annunciator remain fixed. 


3-40. Basic Instrument Accuracy Test. To check the 
basic accuracy of the instrument, proceed as follows: 


a. With zero input to the sensor (adjustable power 
source turned off), zero the instrument by pressing the 
ZERO key. 


b. Connect the sensor to the POWER REF connector. 
Press the CAL key. 


c. Upon completion of calibration, press the MODE 
dB key, and connect the sensor to the adjustable power 
source. 


d. Set the output level of the adjustable power source 
to each of the following dBm values in succession, and 
ascertain that the LED display readout agrees with the 
output level of the adjustable power source within the 
specified dB limits: 


Power Source Level LED Display Tolerance’ 


-50 dBm +0.1 dB 
-40 dBm +0.05 dB 
-30 dBm +0.05 dB 
-20 dBm +0.05 dB 
-10 dBm +0.05 dB 
0 dBm +0.05 dB 
+10 dBm +0.05 dB 
-| dBm +0.055 dB 
-2 dBm + 0.06 dB 
-3 dBm +0.065 dB 
-4 dBm + 0.07 dB 
-5 dBm +0.075 dB 
-6 dBm +0.08 dB 
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Power Source Level LED Display Tolerance 


-7 dBm +0.085 dB 
-8: dBm +0.09 dB 
-9 dBm *0.095 dB 


NOTE 


If the dBm indications are within limits, it 
may be assumed that power mode indications 
are also within limits; dBm indications are 
computed from power measurements within 
the instrument. 


3-41. Power Mode Test. To test operation of the instru- 
ment in the power measurement mode. proceed as follows: 


a. Without disturbing any. measurement parameters 
used in preceding paragraph . adjust the output level 
of the adjustable power source to 0 dBm and ascertain 
that the LED display of the instrument indicates 0 dBm 
* 0 0570 B: 


b. Press the MODE PWR key. The LED display 
should indicate 1.00 mW 11.3%. 


c. If desired. other power levels may be checked in 
similar fashion. To determine the proper power indica- 
tion for a specific dBm input level, use the formula: 


P= log! dB; 10 (mW) 


3-42. Calibration Test. To check the automatic cali- 
bration capability of the instrument. proceed as follows: 


a. Set the power source to 1.0 mW. 


b. Select the power mode and autoranging. 
c. Enter a 0 dB calibration factor. 


d. Note the indication of the LED display. If the indi- 
cation is not 1.000 mW, press the CAL key, and ascertain 
that the indication is now 1.000 mW +2 counts (+4 counts 
with 4200-5 sensors). 


e. If an indication of exactly 1.000 mW is obtained 
originally in step d. enter a calibration factor of 0.03 dB to 
cause the indication to increase to approximately 1.01 
mW. Then, press the CAL key and ascertain that the 
indication changes to 1.000 mW +2 counts. Entera0 dB 
calibration factor and press the CAL key to restore the 
original indication. 


f. The automatic CAL function is operative at all 10 dB 
points if a suitable signal source is available: operation is as 
in steps a thru ec. except for the input signal level and range. 


NOTE 


For greatest overall accuracy, however. it is strongly 
recommended that this feature be used with the 50 


[ton I 
peration 


MHz power reference which provides an accurate | 
mW level. 


-43. Sensor Selection Test. Entry of the correct 
aaa for the sensor in use is absolutely essential for 
instrument accuracy. Data for each sensor supplied with 
the instrument has been entered and stored in micro- 

rocessor memory at the factory. Stored data consists of 
functions peculiar to each sensor, such as sensitivity, 
calibration factors, etc. A direct, absolute check of the 
sensor data Is not possible, however, the basic instrument 
accuracy test (paragraph 3-40) and the calibration test 
(paragraph 3-42) provide a good indication of satis- 
‘factory operation of the sensor selection function. 
Entry of an incorrect sensor number will probably result 
in degradation of basic accuracy. Sensor serial numbers 
can be recalled from non-volatile memory by keying ina 
decimal point followed by SELECT SENS. 


3-44. dB Reference Level Function Test. To check the 
dB reference level function of the instrument, preceed as 
follows: 


a. Set the output power level of the adjustable power 
source to 0 dBm. 


b. Press the MODE dB key and ascertain that the LED 
display indicates 0 dBm +0.05 dB. 


c. Enter a-10 dB reference level by pressing the follow- 
ing keys: 


C 
CHS 
REE LEVEL dB 


d. Ascertain that the LED display now indicates +10 
dBr +0.05 dB. The dBm annunciator should he off, and 
the dBr annunciator should be lighted. 


e. Reset the instrument to indicate dBm by pressing 
the following keys: 
0 
REF LEVEL dB 


f. Ascertain that the LED display again indicates 0 
dBm +0.05 dB. The dBm annunciator should be lighted. 
and the dBr annunciator should be off. 


3-45. dB Limit Test. To check operation of the dB 
limit circuits. procéed as follows: 

a. Set the output level of the adjustable power source 
to 0 dBm. 

b. Enter a + | dB high limit by pressing the following 
keys: 

I 
LIMITS dB HI 


c. Enter a -! dB low limit by pressing the following 
keys: 
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I 
CHS 
LIMITS dB LO 


d. Ascertain that the LIM annunciator is off. 


e. Set the output level of the adjustable power sou. _: 
to -2.0dBm. The LIM annunciator should light. The logic 
level at pin 5 of rear-panel connector P3 should be hi 
the logic level at pin 4 of connector P2 should be lo 


f. Set the output level of the adjustable power source to 
+2.0 dBm. The LIM annunciator should be lighted. ” 


logic level at pin 4 of rear-panel connector P3 should 


high; the logic level at pin 5 of the connector F3 should be 
low. 


NOTE 


Limits can be entered only in terms of dB, not 
power, however, the limit function operates in 
both the dB mode and the PWR mode. 


g. Set the input level to -7 dBm. Press the CLR and the 
REF LEVEL dB keys: the indication should be apprc 
mately -7.00 dB. Press the decimal-point and the R_~ 
LEVEL dB keys; the display should now indicate 00.0C 
dBr. Recall the dB reference level by pressing the R 
LEVEL dB key; the indication should be -7.00. show 
that the original dBm level is now stored as the dB referenc 
level. Press the CLR and the REF LEVEL dB keys: 
indication now should be -7.00 dBm. showing that the 
reference level is now 0 dBm. Note that, as discussec 
paragraph 3-19 (page 3-8). this method of entering 
current dBm level as the dB reference level is operative ¢ 
in the local mode—not in IEEE-488 interface mode. 


3-46. Calibration Factor Test. To check operatior 
the calibration factor function, proceed as follows: 


a. Set the output level of the adjustable power source 
to 0 dBm. 


b. Press the MODE dB key and note the indication 1 
the LED display. 


c. Enter a 0.2 dB calibration factor by pressing 
following keys: 
0 
2 
CAL FACTOR dB 


d. Ascertain that the indication on the LED display 
equal to the value noted in step b plus 0.2 dB. 


e. Enter a 2 GHz calibration factor by pressing the 
following keys: 
2 
CAL FACTOR GHz 


f. Determine the calibration correctionfor2GHzf a 
the chart on the barrel of the sensor. Ascertain that ¢ 
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LED display indicates the value noted on the chart on the NOTE 


sensor barrel. If the instrument is equipped with the -03 ! 


option, repeat the minimum performance 

NOTE standards tests for channel 2. 
For proper calibration factor correction and 
instrument accuracy, it is essential that the 
sensor number entered into the instrument 
prior to measurement agrees with the number 
indicated on the barrel of the sensor used for 
the measurement. Calibration factors that are 
invoked are operative in both the dB mode 
and the PWR mode. 
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SECTION IV 
THEORY OF OPERATION 


4-1. INTRODUCTION. 


4-2. The instrument is a general purpose RF microwatt- 
meter capable of measuring power levels from | nW (-60 
dBm) to | W (+30 dBm). It is designed to operate in 
conjunction with Boonton Electronics Corporation Series 
4200 power sensors. The usable frequency range depends 
upon the sensor used with the instrument. The lowest 
usable frequency for calibrated measurements is 0.2 MHz: 
the highest frequency is 110 GHz. 


4-3. The instrument is a completely solid-state unit that 
employs a microprocessor for versatility in use. The 
microprocessor is controlled by a permanently stored. 
internal program; pertinent operating parameters can be 
entered by means of a front-panel keyboard. Use of a 
microprocessor enables automation of numerous func- 
tions, such as zeroing, calibration, sensor calibration, 
range selection, unit conversion, dB limit testing, relative 
dB measurements, etc. Measured values are displayed 
directly on a 4 digit LED display in terms of nW, pW, 
mW, dBm, or dBr (relative dB). Annunciators associated 
with the display indicate the unit of measurement. A 
meter is also provided for relative power measurements; 
this feature simplifies such operations as nulling and 
peaking. 


4-4. OVERALL BLOCK DIAGRAM. 
(See Figure 4-1.) 


4-5. Sensor. Power levels to be measured are applied 
to an external sensor, which is connected to a front-panel 
connector through a five-foot sensor cable. Input power 
appears across a precision resistor (50 or 75 ohms, 
depending upon the sensor model). Because the resistance 
value is constant, the voltage developed across the resistor 
is a function of input power (E* = PR). The RF voltage 
developed across the resistor is converted to a DC 
voltage, and the resulting DC voltage is applied to the 
input module of the instrument. 


4-6. Input Module. The input module receives the DC 
voltage developed by the sensor. Operating under control 
of the control module, the input module converts the DC 
signal to an AC signal, amplifies the AC signal, converts 
the amplified AC signal to an analog DC signal. and 
converts the analog DC signal to a digital signal. If the 
autoranging function of the instrument is being used, the 
gain of the amplifiers in the input module is adjusted 
automatically by the control module to accommodate 
any power level within the range of the instrument. The 
digital output signal of the input module is supplied to the 


control module for further processing; an analog DC 
output signal is developed from the digital signal and 
applied to the analog meter on the display module for 
relative power measurements, and to a rear-panel 
connector for application to a peripheral recorder. 


4-7, Control Module. The control module consists 
primarily of a pre-programmed microprocessor. The 
microprocessor accepts and stores measurement para- 
meter. commands entered through the front-panel key- 
board, and controls operation of the internal circuits of 
the instrument in accordance with its program and keyed- 
in commands. The microprocessor performs measure- 
ment value corrections based on stored zero corrections 
and stored or Reyed-in sensor calibration factors, unit 
conversions based on selected measurement modes, and 
dB limit determination. The microprocessor also per- 
forms automatic instrument zeroing and calibration. The 
processed digital signal, which defines the final measure- 
ment value, is applied to a’data bus and to the display 
module. 


4-8. Display Module. The display module contains 
the keyboard and LED display circuits. Parameters to be 
used for power measurements can be entered at any time 
through the keyboard. Keyed-in values are read and 
stored by the microprocessor, and selected numerical 
values are shown on the LED display during parameter 
selection. Computed power levels are processed by the 
microprocessor in accordance with the keyed-in para- 
meters; the digital values representing the final computed 
measurement values are decoded by the display module 
circuits to produce a direct LED readout of measured 
values and to activate the appropriate annunciators. 


4-9, Power Reference. The power reference module 
generates a precision, 1.00 mW, 50 MHz signal that is 
used for calibration of the instrument. When this signal is 
applied to the sensor and the front-pane!l CAL key is 
pressed, fine sensitivity adjustments of the instrument are 
performed automatically under microprocessor control. 


4-10. Power Supply Module. The power supply 
module provides all DC voltages required for operaticn 
of the internal circuits. It also provides a reset signal to the 
control module when it is powered up, and an interrupt 
signal if an undervoltage condition is detected. The 
standard power supply module can be powered from a 
100, 120, 220, or 240 volt. 50 to 400 Hz, AC power source. 


4-11. Optional Modules. Standard options are available 
to further increase the versatility of the instrument. Two of 
these optional modules are shown in Figure 4-1. 


4-| 
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Figure 4-1 Overall Block Diagram 


a. A second input module can be added to the 
instrument to permit measurement of output power levels 
of two devices without the need for repeated switching of 
sensor connections. The input connector for this optional 
module is located onthe rear panel of the instrument. The 
second input module also permits LED display of the 
difference between the power levels of the two devices, 
expressed in dB. 


b. The interface module provides an IEEE 488 bus 
interface for remote control of instrument operation and 
for remote display of measured values. 


4-12. DETAILED THEORY OF OPERATION, 
SENSOR CIRCUITS. 
(See Figure 4-2.) 


4-13. The sensor contains two paralleled precision resis- 
tors (50-ohm effective total resistance for Models 4200-4A, 
4200-4B, 4200-4E, 4200-5B, 4200-5E, and 4200-6E, and 
75-ohm effective total resistance for Model 4200-4C) across 
which the input power is applied. With a constant load 
resistance, the RF voltage developed across the load resist- 
ance is a function of the RF power (E?=PR). The RF 
voltage is rectified by a full-wave rectifier that permits mea- 
surement of highly asymmetrical waveforms without sub- 
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stantial error. When the applied power level is within the 
square-law region of the diodes (up to approximately 2( 
pW), the sensor has a true RMS response. Above this power 
level, the sensor response approaches peak-to-peak. cali 
brated in the instrument in terms of true average power. 


NOTE 


Series 4200-5 and 4200-6 sensors have input attenua- 
tors; this permits measurements to 100 mW (+20 dB) 
and 1000 mW (+30 dB) respectively. 


4-14. The body of the sensor has been designed and 
fabricated very carefully to eliminate any cavity 
resonance effects within the calibrated frequency range 
and to minimize noise. The sensor diodes are specially 
selected for this application. The DC output voltage of 
the sensor is applied to the input connector of tic 
instrument through a low-noise sensor cable. 


4-15. DETAILED THEORY OF OPERATION, 
INPUT P.C. BOARD CIRCUITS. 
(See Figure 4-3). 


4-16. The input printed circuit board receives from the 
sensor a DC voltage that is a function of the power level 
being measured. Under control of the control board 


circuits, it provides amplification and signal processing 
required to develop an analog DC voltage and a digital 

signal that are proportional to the input RF power level. 
The input DC signal from the sensor is balanced in form 
and may vary from microvolts to volts, depending upon 
the input power level. The input printed circuit board 
must provide amplification with a wide range of gain, 
low offset voltage, and low noise; therefore, the input DC 
signal is converted to an AC signal which is amplified, and 
the amplified AC signal is converted to a DC analog 
signal and to a digital signal. 


4-17. The input DC signal is-converted to an AC signal 
by a chopper module, which plugs into the input printed 
circuit board. The chopper is composed of solid-state 
switches I[Cla, ICIb, IClc, and ICld in a balanced 
arrangement, operating at a frequency of approximately 
94 Hz to minimize AC line and line-related component 
interaction. The chopper drive signal is derived from the 
output of an astable multivibrator, which is completely 
independent of line frequency. The use of a solid-state 
chopper eliminates many of the problems, such as contact 
wear and contamination, associated with electromech- 
anical choppers. The chopper supplies a balanced AC 
signal of approximately 94 Hz to the input amplifier. 


4-18. The 94 Hz drive signal for the chopper is derived 
from the output signal of astable multivibrator ICS. 
Multivibrator IC5 drives flip-flops IC7a and 1C7b, and 
these flip-flops supply the-drive signal to the chopper 
circuits. Flip-flop IC7a also drives flip-flops IC8a and 
1C8b, which provide a 94 Hz, synchronized drive signal to 
the demodulator circuits that convert the amplified AC 
signal back to a DC signal. 


*CRIO2 
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4-19. Amplification of the balanced AC signal from the 
chopper is accomplished in an input amplifier composed 
of low-noise, operational amplifiers AS. A6, and A7. A 
balanced arrangement with degenerative feedback for 
stabilization and gain control is employed. The input AC 
signal is amplified by 500. 50. 5. or 0.5. depending upon 
the instrument range. Demultiplexer [C6. under control 
of the control printed circuit board. adjusts the degenera- 
tive feedback in accordance with the range selected by the 
microprocessor to provide the required gain switching. 
An attenuator at the output of the input amplifier provides 
attenuation of 2 for the highest range only: on all other 
ranges its attenuator is zero. This attenuator is switched 
into the circuit on the highest range through solid-state 
switches I[C10a. I1C9b. and [C9c. Demultiplexer IC13 
decodes digital signals that define the range from the micro- 
processor and activates the solid-state switches on the 
highest instrument range. 


4-20. The amplified 94 Hz signal is converted to a DC 
analog signal by means of a demodulator circuit that 
operates in synchronism with the chopper. The de- 
modulator consists essentially of a sample and hold 
switch, composed of solid-state switches IC10b and IC10c 
and associated circuitry. Switches IC10b and IC10c are 
controlled by the 94 Hz drive signals from flip-flops IC8a 
and IC8b. The sampling point and period of the sample 
and hold circuit has been chosen to minimize switching 
products and noise, and to vary signal averaging in 
accordance with the signal level. Switch [C9a adjusts 
operating parameters automatically in accordance with 
instrument range; the switch is activated through gates 
ICI Ib and ICllc and demultiplexer 1C13 on the four 
highest ranges. 


Dc TO 
INSTRUMENT 


% INDICATES FACTORY SELECTED COMPONENTS. 


Figure 4-2 Typical Series 4200 Sensor, Schematic Diagram 
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4-21. The DC output voltage of the sample and hold 
circuit is amplified by an amplifier circuit composed of 
integrated circuits A8, A9, and ICI4, and associated 
circuitry. Integrated circuits ICI4 is a demultiplexer 
which decodes microprocessor-supplied digital signals 
that define the selected range and adjusts an attenuator 
circuit accordingly; the gain of the amplifier is 125, 12.5, 
or 1.25, depending upon the selected range. The full-scale 
output voltage of the amplifier is2.25 volts nominal on 
each range. 


4-22. The DC output voltage of integrated circuit A9 is 
usually unipolar and positive; however, during the 
automatic zeroing process of the instrument, the DC 
output voltage may be positive or negative, depending 
upon small DC offsets. Because some of the following 


circuits operate only with unipolar signals, a polarity - 


switch is required. This polarity switch, which consists of 
solid-state switches IC3b and IC3c, operates under 
control of the microprocessor on the control printed 
circuit board, which tests for polaritv. The DC voltage is 
routed through the polarity switch to the appropriate 
input of operational amplifier A3 so that the output DC 
from this amplifier is always negative. This output voltage 
is applied to a comparator circuit. 


4-23, Comparator A2 operates in conjunction with the 
microprocessor on the control printed circuit board and 
D/A converter [C2 to convert the DC output signal of 
amplifier A3, which is proportional to the input power, to 
a digital signal that can be processed by the micro- 
processor circuits. D/A converter [C2 is supplied with 
successive half-level digital signals (full scale/2. full 
scale/'4, etc.) by the microprocessor. D/A converter [C2 
converts these digital signals to a DC analog voltage, and 
this analog DC voltage is applied through amplifier Alto 
comparator A2, where it is compared with the DC signal 
from amplifier A3. The difference signal from compara- 
tor A2 is supplied to the microprocessor through interface 
ICI so that the microprocessor can monitor the results of 
the comparison and adjust the digital signal accordingly. 
The digital signal is adjusted by the microprocessor until 
the two input signals to comparator A2 are equal. The 
resulting digital signal then defines the input DC level 
being measured. This digital signal is then processed (zero 
correction, calibration correction, unit conversion, etc.) 
by the microprocessor before application to the LED 
display circuits of the instrument. 


4-24. After the digital signal has been fully processed by 
the microprocessor. the processed digital signal is again 
supplied by the microprocessor to D;A converter IC2, 
which converts the processed digital signal to a cor- 
responding DC analog voltage that ts used to drive the 
front-pane! meter and the recorder output of the 
instrument. This DC analog voltage from D/A converter 
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IC2 is supplied through amplifier Al to sample and hold 
switch 1C3a, which is closed at this time by a control 
signal from the microprocessor. The DC analog voltage 
at the output of the sample and hold circuit is applied 
through amplifier A4 and the control printed circuit 
board to the display printed circuit board. 


4-25. All interfacing between the input printed circuit 
board and the microprocessor is accomplished through 
interface ICI. Interface IC! is an input/ output device that 
operates under control of the microprocessor. When signal 
RD is activated by the microprocessor, data are trans- 
ferred from the input printed circuit board to the micropro- 
cessor, provided that signal CS to interface ICI is also 
active: when signals WR and CS are both activated by the 
microprocessor, data are transferred from the micropro- 


‘cessor to the input printed circuit board. Data flow between 


the input printed circuit board and the microprocessor over 
the eight-line bi-directional data bus. Routing of data 
through the interface is controlled by the address signals 
supplied to the interface by the microprocessor. 


4-26. DETAILED THEORY OF OPERATION, 
CONTROL P.C. BOARD. 
(See Figure 44.) 


4-27, The operation of the instrument is controlled bya 
microprocessor contained on the control printed circuit 
board. The control printed circuit board is organized 
around a central processing unit (CPU), associated 
memories, input/output ports. and a40-line bus. A stored 
program, in conjunction with key-entered commands, 
enables the microprocessor to perform a variety of 
functions. including the following: 
a. Analog to digital conversion 
b. Zero determination 
c. Zero correction 
d. Ranging 
e. Calibration 
f. Signal processing 
g. Binary to BCD conversion 
h. dB conversion © 
i. dB reference conversion 
j. dB limit testing 
k. Diagnostics. 


4-28. Integrated circuit 1C3 is the microprocessor CPU. It 
is an 8-bit unit that operates ata clock frequency of 2 MHz, 
generated by integrated circuits ICla through IClc and 
associated circuitry. The operating program for the micro- 
processor is stored in integrated circuits IC6 and IC7, 
which are programmable read-only memories (PROMS). 
RAM IC8 provides temporary storage of data during 
operation of the instrument. It also stores certain mea- 
surement parameters such as, sensor data, calibration fac- 
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tors, some key-entered parameters, etc. Lithium-type bat- 
tery BT1, which has an anticipated life of 10 years, supplies 
power to RAM IC8 during power-down of the instrument 
to enable retention of data in memory. During normal 
operation, RAM IC8 is powered by transistor QI. Inte- 
grated circuit IC16 is an I/O port which interfaces with 
the following: 


a. An 8-bit switch used to set the mode of operation. 
number of channels, and number of sensors. 


b. A test socket (J3) used in signature analysis. 


c. A plug (P3) for output of status information. 


4-29. The CPU receives and transmits data over an eight- 
line data bus. A [5-line address bus is used for addressing, 
and a control bus is used for various control functions. 
When the instrument is turned off, signal RESET is acti- 
vated by the power supply circuits and the microprocessor 
is reset to the start of the operating program; when the 
instrument is next turned onand DC voltages have reached 
the correct operating levels. the RESET signal is deacti- 
vated by the power supply circuits and the microprocessor 
begins to execute the stored program. Instructions are 
retrieved from storage by the CPU in accordance with 
the address code developed at its output. Decoder IC4 
enables the appropriate PROM (IC6 or IC7), and the 
instruction contained in the memory location defined by 
the address on address lines AO through AII ts read and 
transmitted by the CPU over the data bus. The CPU then 
executes this instruction. 


4-30. During the measurement process, the CPU must 
retrieve data from storage and from the input and display 
printed. circuit boards, it must store temporary calculaton 
values, and it must output data to the input and display 
printed circuit boards. To retrieve data from memory, the 
storage device and data location are defined by the address 
supplied by the CPU, and signals MREQ and RD are 
activated.. Integrated circuit IC4 decodes three of the 
address bits to,activate signal CS at RAM IC8 through 
gates 1C9a and I1C9c. Signal OE at RAM ICS is activated 
through gate IC15d, and data stored at the location speci- 
fied by the remaining address bits are transmitted over the 
data bus to the CPU or to other circuits connected to the 
data bus. To access data developed by circuits outside the 
control printed circuit board, the CPU activates signals 
TORQ and RD along with the appropriate address lines. 
Decoder IC 14 decodes three address bits to develop ena- 
bling signal CS for interface 1C16, integrated circuit IC18, 
or interface ICI on the input printed circuit board, as 
specified by the three address bits, and gate IC15b activates 
signal RD for the read function. If integrated circuit IC 18 is 
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enabled, keyed-in commands from the display printed cir- 
cuit board, which had been stored in integrated circuit 
IC 18, are transmitted over the data bus. If integrated circuit 
IC16 is enabled, input data from bit switch SI or power 
supply connector P4, as determined by address bits AO and 
Al, are supplied through interface 1C16 to the data bus. If 
interface ICI on the input printed circuit board is enabled, 
data generated on the input printed circuit board are 
transmitted over the data bus through interface ICI. 


4-31. Tostore data, the CPU activates signal WR and the 
address lines that define the storage device and storage 
location. Decoder IC4 decodes three address bits to enable 
signal CS at RAM IC8, signal WR enables the write func- 
tion of RAM IC8 through inverter ICld and gate IC9b, 
and data on the data bus are written into memory at the 
location defined by the remaining address lines. To output 
data to circuits outside the control printed circuit board, 
signal IORQ is activated by the CPU in addition to the 
previously mentioned signals. Signals IORQand WR acti- 
vate the write enable signal to the device defined by the 
address bits. Decoder IC14 decodes three address bits to 
select the appropriate device (interface 1C16, interface 
IC18, or interface IC! on the input printed circuit board). 
Data on the data bus are then transferred to the selected 
device. If interface 1C16 is selected, these data are trans- 
ferred through interface [C16 to connector P3 or J3. as 
determined by address bits AO and Al. The output to 
connector P3 consists of dB out-of-limit signals and an 
input disconnect signal which is active when the automatic 
zeroing function is selected. The output data at connector 
J3 are used in signature analysis checks. If interface 1C18 is 
selected, the data on the data bus are written into storage in 
interface IC 18 for application to the display printed circuit 
board. These data are then clocked out of storage to acti- 
vate the LED display and annunciators on the display 
printed circuit board. If interface IC! on the input printed 
circuit board is selected, data on the data bus are trans- 
ferred through the interface to control various functions on 
the input printed circuit board. 


4-32. Connector J! is included in the data bus on the 
control printed circuit board to facilitate signature 
analysis maintenance of the microprocessor circuits. 
When connector J! is ‘pulled out, the data bus is 
disconnected from the CPU, and the CPU executes 
successive NOPs for free-running signature analysis 
checks. 


4-33, The CPU receives two control signals directly 
from the power supply printed circuit board. Ifthe power 
supply voltage should drop during operation, or on 
equipment turn-off, signal NMI is activated by the power 
supply circuits; the CPU, upon receipt of this signal 
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activates signal HALT, and halts further execution of the 
program. Signal HALT is applied to the power supply 
printed circuit board, where it latches signal RESEI to 
the active state. Signal RESET, in turn, causes the 
microprocessor to return to the starting point of the 
program. When the power supply rises to a level 
approximately 150 millivolts below its nominal value, 
either as a result of correction of the undervoltage 
condition or of power turn-on, signal RESET is 
deactivated to permit execution of the stored program by 
the microprocessor. 


4-34. DETAILED THEORY OF OPERATION, 
DISPLAY P.C. BOARD. 
(See Figure 45.) 


4-35. The display printed circuit board contains the 
instrument LED display, meter, annunciators. keyboard, 
ahd control circuits for these items. It interfaces directly 
with the control printed circuit board. When any keyboard 
key is pressed, the microprocessor on the control printed 
circuit board interrupts the normal measurement process 
and accepts and stores the key-entered commands; the 
microprocessor also supplies digital data to the display 
printed circuit board to cause keyed-in numerical values to 
appear on the LED display. The microprocessor resumes 
the normal measurement process when any of the termina- 
tor keys (LIMITS dB, CAL FACTOR, SELECT, REF 
LEVEL dB) is pressed. Upon completion of the measure- 
ment by the microprocessor, measurement values are sup- 
plied to the display printed circuit board. 


4-36. Operation of the display printed circuit board is 
controlled by the microprocessor through integrated 
circuit IC18 on the’control printed circuit board, which 
- provides the following functions: 

a. It provides a RAM for storage of microprocessor 
output data to the display printed circuit board. 

b. It provides a first-in, first-out RAM which accepts 
and stores input information (up to 8 key commands) 
from the display printed circuit board. 
cc. It provides scan signals for both the LED display 
and the keyboard. 


4-37. The LED display consists of four 7-segment 
displays, which provide a display capacity of four digits 
with decimal points, and a fifth display which is capable 
of displaying a minus sign. Each display consists of 
individual anodes for each segment that makes up the 
display and the decimal point, and a common cathode. 
The character that appears on the display is determined 
by the activated anodes at the time that the common 
cathode is scanned. The individual displays and the 
associated annunciators are scanned in sequence. The 


4-{() 


display duty cycle is 12.5%, that is, each digit or 
annunciator of the instrument is on 12.5% of the time. 


4-38: Digital information for the LED display and annun- 
ciators is developed by the microprocessor, and is stored in 
the output RAM contained in integrated circuit IC18 on 
the control printed circuit board. Digital information that 
defines display and annunciator row selection is supplied to 
8-channel demultiplexer IC2. The output lines of demulti- 
plexer IC2 are activated in sequence, based on the input 
digital codes. The signal on the active output line of demul- 
tiplexer I1C2 is applied through resistive network ICS5 to 
display driver 1C7, and the display driver supplies driving 
power for the corresponding display and the corresponding 
row of annunciators. At the same time. digital data that 
define the display segments and the annunciators that’are 
to be activated are supplied to decoder IC]. The binary- 
coded input is decoded by decode ICI. and the output lines 
of the decoder are activated in accordance with this decode. 
The outputs of the decoder activate the individual anodes 
of the selected display and the individual annunciators in 
the active annunciator row, thereby providing the appro- 
priate instrument display. A decimal point signal is applied 
through transistor QI, when appropriate, to cause a 
decimal point to be displayed to the right of the character 
on the active dispiay. 


4-39. Demultiplexer [C2 also provides scanning signals 
to the keyboard. As each of its first five output lines is 
activated in sequence, a scan signal is applied to an 
individual row of the keyboard through an inverter. If 
any key in the row being scanned is pressed. a signal is 
supplied to one of the column output lines to the RAM in 
integrated circuit IC19 on the control printed circuit 
board, and the key command is stored by the RAM. Key 
selection is defined by a combination of the row scan 
signal and the column output line. The RAM canstore up 
to a maximum of eight key commands, and it delivers this 
stored information to the microprocessor when it is read. 
Actuation of more than eight key commands without a 
read causes the RAM to be cleared. 


4-40. Analog DC voltage. which is proportional to the 
measured power level. is supplied from the control 
printed circuit board to drive the front panel meter to 
provide a relative indication of measured power for peak- 
ing and nulling applications. This also supplies a DC 
analog voltage to rear-panel connector P1. This signal can 
be used to drive an external recorder. 


441. DETAILED THEORY OF OPERATION, 
POWER REFERENCE P.C. BOARD. 
(See Figure 4-6.) 
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Figure 4-7 Power Supply P.C. Board. 
Detailed Block Diagram 
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4-42. The circuits onthe calibrator printed circuit board 
are used to develop a | mW reference power level witha 
50-ohm source resistance. This reference level can be used 
for automatic calibration of the instrument. 


4-43. The reference signal is generated by transistor 
oscillator QI, which operates at a frequency of approxi- 
mately 50 MHz. An automatic leveling circuit is used to 
maintain a constant reference power level. Leveling is 
achieved by rectifying the oscillator output signal in the 
signal level detector circuit, and comparing the resulting 
DC voltage with a stable DC voltage developed by 
voltage reference IC1. The difference voltage is amplified 
by operational amplifier Al, and the output level from the 
operational amplifier controls a varactor in a capacitive 
divider that determines the drive to the oscillator. The 
output of the operational amplifier adjusts the varactor 
effective capacitance as required to adjust the drive tothe 
oscillator in the direction and amount required to 
maintain a constant output level. A second capacitive 
divider at the output of the oscillator divides the oscillator 
output signal and tends to provide some isolation from 
the load. Because the source impedance of this divider is 
low, a 50-ohm series resistor is used to establish the 
desired 50-ohm source resistance. The output reference 
power level signal is available at the front-panel POWER 
REF connector. 


4-44. DETAILED THEORY OF OPERATION, 
POWER SUPPLY P.C. BOARD. 
(See Figure 4-7.) 


4-45. The power supply printed circuit board performs 
the following functions: 


a, Converts 100, 120, 220, or 240 volt 50 to 400 Hz, ac 
line power to -5, +5, +5.2, +15, and -15 volts dc for system 
operation. 


b. Generates a power-up signal for the microprocessor 
when supply voltages reach the proper values for system 
operation. 


c. Activates an interrupt signal to the microprocessor 
when supply voltages drop to levels too low for reliable 
operation. 


SIGNAL 
LEVEL 
DETECTOR 
CR2 


CAPACITIVE 
DIVIDER 
VOLTAGE C4,CR3 
REFERENCE 


Ici 


Figure 4-6 Power Reference P.C. Board, Detailed Block Diagram 
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4-46. Input ac line power is supplied to the primary of - 
power transformer T1 on the main chassis through fuse F1, 
line switch S1, and a line voltage selector switch. 


4-47. Power transformer T] steps down the ac line vol- 
tage to two secondary windings. These voltages are recti- 
fied by bridge rectifiers CR! and CR2. The dc voltage 
supplied by CR1 is filtered by Cl and C2 and drives regula- 
tors [C2 and IC3 which develop +15 and -15 volts, respec- 
tively. The regulated -15 volt supply also drives regulator 
ICS to develop the -5 volt supply. 


4-48. The dc voltage developed from CR2 is filtered by 
C3 and drives regulator IC4 to produce +5.2 volts. R5 
provides adjustment for the +5.2 volt supply. 


4-49, The unregulated +15 volt supply also drives regula- 
tor ICI to produce +5 volts to power Al, 1C6, and generate 
a voltage reference at the junction of R7 and R8. 


4-50. The output voltage of the +5.2-volt regulated DC 
supply is monitored by comparator Ala to develop a 
power-up signal on turn-on and an interrupt signal under 
undervoltage or power-down conditions. When the 
instrument is turned on, comparator Ala develops a 
positive output pulse when the output of the +5.2-volt 
regulated supply rises to a value approximately 150 mV 


below the nominal output voltage; the exact power-up 


signal point is adjustable by means of potentiometer R11. 
The positive output pulse of comparator Ala clocks flip- 
flop IC6 to deactivate signal RESET to the micro- 
processor on the control printed circuit board. If the 
output voltage of the +5.2-volt regulated supply should 
drop below the reliable usable level during operation of 
the instrument and during instrument shut-down com- 
parator Ala switches its output level to a logic low, thereby 
activating signal NMI to the microprocessor. The 
microprocessor activates signal HALT. which resets flip- 
flop IC6, thereby latching signal RESET low to ensure 
resetting of the microprocessor to the start of the program. 


50 MHz CAPACITIVE 
OSCILLATOR |—¢ DIVIDER 
Ql 


c9,c10 
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SECTION V 
MAINTENANCE 


5-1. INTRODUCTION 


5-2. This section contains maintenance instructions for 
the instrument. Included are a list of required test 
equipment, trouble localization procedures, instrument 
adjustment and sensor calibration procedures. Minimum 
performance checks are included in Section III; these 
checks should be performed whenever there is any doubt 
about instrument performance, 


5-3. SAFETY REQUIREMENTS. 


5-4. Although this instrument has been designed in 
accordance with international safety standards, general 
safety precautions must be observed during all phases of 
operation, service and repair of the instrument. Failure to 
comply with the precautions listed in the Safety Summary 
at the front of this manual or with specific warnings given 
throughout this manual could result in serious injury or 
death. Service and adjustments should be performed only 
by qualified service personnel. 


5-5. TEST EQUIPMENT REQUIRED 


5-6. Table 5-1 lists test equipment required for main- 
tenance of the instrument. Test equipment of equal 
capability may be substituted for any listed item except 
the model 5004A signature analyzer (unless it is known 
that the substitute signature analyzer agrees completely 
with the model 5004A) and the model 2500 range 
calibrator. 


NOTE 


A Diagnostic ROM Kit, P/N 961003 is available for 
use in troubleshooting the Instrument. The following 
Two Calibration Data Cartridges are available for use 
with the Instrument: P/N 961008-1 (for use with the 
HP 9825A) and P/N 961008-2 (for use with the HP 
85B). The Calibration Data Cartridge can be used for 
testing the GPIB, printing out the contents of non- 
volatile memory. and DC and AC calibration. Instruc- 
tions are included with the kit and Data Cartridges. 


5-7. TROUBLESHOOTING CONCEPT. 


5-8. The instrument employs both analog and digital 
circuitry. The digital portion uses a microprocessor in a 
bus-oriented system. DC and AC measuring instrument 
such as voltmeters and oscilloscopes have been the 
traditional test instruments for electronic instrument 
maintenance; however, in a microprocessor-based bus- 
oriented system, such test equipment, while still useful 


and necessary, leaves much to be desired. With such test 
equipment alone, troubleshooting in a bus-oriented 
system is extremely tedious and time-consuming, if not © 
impossible. A new technique called signature analysis has 
been devised to deal with microprocessor-based systems, 
and the troubleshooting procedures in this manual are 
based on signature analysis techniques. 


5-9. SIGNATURE ANALYSIS. 


5-10. A complete discussion of signature analysis is 
beyond the scope of this manual; however, a brief 
discussion will aid in maintenance of the instrument. 
Long, complex data streams -are present in micro- 
processor bus-oriented systems. In signature analysis, 
with the system operating at normal speed, these data 
streams are compressed into concise, easy to interpret 
readouts (signatures) measured at pertinent nodes. By 
choosing or generating appropriate measuring periods or 
windows, these signatures become unique; one and only 
one signature occurs at each node if operation is normal. 
Using signature analysis, it is possible to proceed through 
the instrument in an orderly fashion until a faulty 
signature is obtained. Generally, at this point, it is 
possible to identify one component as the most probable 
cause of the malfunction. 


TABLE 5-1. TEST EQUIPMENT LIST 


Digital Multimeter Data Precision 1450 
Oscilloscope Hewlett-Packard 1740A 
Power Meter Calibrator | Boonton Electronics 25A 
Signature Analyzer Hewlett-Packard 5004A 
Calibration Data Boonton Electronics 


Cartridges 

For use with: 
HP 9825A P/N 961008-1 
HP 85B P/N 961008-2 


P/N 961003 
Boonton Electronics 2500 
W & GEMP-1 

Simpson 260 or equivalent 
Mini-Circuits ZHL-3A 

(N Connectors) 


Diagnostic ROM Kit 
Range Calibrator 
Milliwatt Test Set 
VOM 


General Purpose 
Amplifier 10 dB* 
*Requires 24 VDC 

@ .6 A Pwr Supply 


50 onm Attenuator 


Midwest Microwave #389 
or Weinschel Mod 2 


HP Model 355C 
or equivalent 


Attenuator 
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5-11. Signature analysis checks are of two basic types: 
“free-running” and “stimulated” or programmed. In free- 
running checks, the data bus between the microprocessor 
and the system is opened, and an instruction that will 
cause the microprocessor to free-run is forced. The 
microprocessor then runs through its address field 
repeatedly. Free-running checks may be used to check the 
following: 

a. Microprocessor address output 

b. Memory select decoding 

c. 1/0 select decoding 

d. ROM program 


5-12. Inthe stimulated mode, the data bus between the 
microprocessor and system bus is left intact, and 
programs provided in a special ROM are invoked to 
conduct the desired tests. In this instrument, the 
stimulated mode is used to check the following: 

a. RAM operation 

b. Display functions and scanning 

c. Kevboard 

d. I/O ports 


5-13. In this instrument, programmed signature analy- 
sis tests are activated by setting a bit switch, located at the 
rear of the control board, to the number associated with 
the particular test. In using signature analysis, the free- 
running tests should be performed first to ascertain that 
the microprocessor is putting out a normal address field, 
that the memory and1 O decodingis correct, and that the 
ROM contents are normal. 


5-14. The signature analysis technique is applicable 
only to the digital section of the instrument. Some 
sections of the instrument employ both analog and digital 
circuits. The input module, for example, receives a DC 
analog signal and amplifies the analog signal before 
converting it to a digital signal. The power supply uses 
both digital and analog circuitry to develop the voltages 
necessary for instrument operation. The discussion of 
these hybrid sections in Section [V of this manual will be 
helpful in maintenance and servicing. 


5-15. TROUBLE LOCALIZATION. 


5-16. Gaining Access To Internal Components. To gain 
access to internal components of the instrument, remove the 
top and bottom covers by removing the securing screws at 
the rear of each cover and then sliding the cover to the rear. 
Figure 5-1 shows the location of all major assemblies. To 
gain access to these assemblies, proceed as follows: 


a. Input Module. To gain access to the input module. 
remove four screws (on in each corner) and lift off the 
cover. 

b. Display Module. To gain access to the display 
module. remove the top and bottom covers, remove the four 


screws that secure the front top and bottom trim strips, and 
remove the top and bottom trim strips and front panels. 

c. Power Reference. The power reference is secured to 
the front subpanel with two screws entering from the rear. ' 
To gain access to the power reference, follow the same 
procedure as for the display module. 


5-17. Visual Inspection. With the instrument covers re- 
moved, inspect all assemblies for foreign material, unseated 
integrated circuits, transistors or connectors, for broken 
leads, scorched components, loose screws, and other evi- 
dence of electrical or mechanical malfunction. 


5-18. UseofBlock Diagrams. By studying the detailed 
theory of operation in Section [V together with the 
associated block diagrams, it may be possible to isolate 
the cause of an instrument malfunction to a particular 
block. 


5-19. Systematic Troubleshooting. If visual inspec- 
tion and block diagram analvsis do not localize the source 
of a malfunction, proceed with module troubleshooting 
as follows: 


a. Power Supply. With normal input power applied to 
the instrument. check the power supply output voltages at 
each module power connector. Correct power supply 
voltages are shown on the applicable schematic diagrams. 
If an abnormal voltage is encountered. disconnect the 

nodule connector from the module and note whether the 

power supply output voltage becomes normal: if it does. 
the problem probably is not in the power supply. If. on the 
other hand. the abnormal voltage condition remains. work 
backward through the power supply circuits. comparing 
voltages with those shown in Figure 7-7. By analyzing 
abnormal indications. it should be possible to localize the 
problem to one component in the power supply. 


b. Input Module. With a 2.51 mW signal applied to 
the power sensor, compare waveforms and voltages with 
those shown in Figure 5-2. Correct indications will 
essentially eliminate the input module as the source of an 
instrument malfunction; however, incorrect indications 
will not necessarily localize the problem to the input 
module because the input module depends on proper 
operation of the control module for such functions as 
ranging, analog-to-digital conversion, and recorder and 
meter output. If incorrect indications are obtained. 
localization of the problem using the oscilloscope and 
digital multimeter may be a long and tedious process: a 
simpler approach may be to proceed with signature 
analysis. 

c. Display Module. Proper operation of the display 
module is generally self-evident. Incorrect operation does 
not necessarily mean that the problem is in the display 
module; the control module may be malfunctioning. The 
simplest and quickest way to check the display module Is 
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Figure 5-1 Location of Major Assemblies|(Sheet | of 2) 
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to perform the visual and signature analysis checks 
specified in paragraph 5-22. 

d. Control Module. If normal indications are ob- 
tained in checking the power supply, input, and display 
modules, the problem must be in the control module; 
however, it is very unlikely that this situation will occur 
because it is virtually impossible for the input and display 
modules to operate properly if the control module is 
malfunctioning. Signature analysis is the best way to 
localize a problem in the control module. 


5-20. SIGNATURE ANALYSIS 
FREE-RUNNING TEST PROCEDURES. 


5-21. To make free-running signature analysis tests, 
proceed as follows: 


CAUTION 


Make sure that power is off before attempting 
to perform steps a, b, and f of the following 
procedure. Failure to observe this caution 
may result in the loss or destruction of data 
stored in the non-volatile RAM. 


NOTE 
Prior to any signature analysis checks, note 
and record bit switch (Figures 5-1 and 5-3) 
settings. Restore these switch settings upon 
completion of the signature analysis tests. 


‘a. With power off, remove the data bus connector 
P1 onthe control board from socket J] adjacent to J2, and 
remove the data bus connector P! on the control board 
from socket J] adjacent to IC2 and disconnect jumper from 
connector JS. (See Figure 7-5.) Do not remove any of the 
control board PROMs. 


b. Detailed information for each of the free-running 
tests is provided in Tables 5-2 through 5-7. For each 
check, set the signature analyzer controls and make 
signature analyzer connections as specified in the ap- 
plicable table. 


NOTE 


For i:istruments containing PROMs with codes 
differin: “rom those referred to in the various 
signature -:nalysis tables contact the Boonton 
Service Department for correct signatures. 


c. After setting and connecting the signature analyzer, 
apply power to the instrument, touch the signature 
analyzer probe to the specified measurement points, and 
compare the signature obtained onthe signature analyzer 
with that specified in the table. An incorrect signature is 
.evidence of malfunction. 
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d. If an incorrect signature is noted, try replacing the 
integrated circuit(s) most intimately associated with the 
point at which the incorrect signature was obtained. For 
example: an incorrect signature in the address field would 
point to integrated circuit 1C3 on the control board, but 
the problem could be caused by any other integrated 
circuit or component tied to that address line. 


e. A signature of 0000 is obtained with the signature 
analyzer probe connected to common (ground). Some 
other items which will produce this signature are: 

1. A node stuck at zero 

2. A node at the signature analyzer clock frequency. 


f. A signature of 755U is obtained with the signature 
analyzer probe connected to +5 volts. Some other items 
that will produce this signature are: 

1. A node stuck at logic | 

2. Any signal with a specific relationship to the clock 
signal; if the clock signal is signal RD from the 
microprocessor, signals IORQ, WR, and RFSH are 
examples of signals that will produce this signature. 


g. Upon completion of the free-running checks, turn 
power off. Then, reinstall data bus connector PI in 
socket JI on the control board and reinstall jumper at 
connector J5. 


NOTE 


If programmed tests are to be performed, leave 
jumper disconnected from connector J5. 


§-22. SIGNATURE ANALYSIS 
PROGRAMMED TEST PROCEDURES. 


NOTE 
Perform the free-running signature analysis 
tests before proceeding with programmed 
tests. 


5-23. Use the following general procedure for each of 
the specified programmed signature analysis tests: 


NOTE 


A Boonton Electronics diagnostic PROM is 
required for the programmed signature analysis 
tests. The diagnostic PROM is part of the 
961004 Test Kit. 


a. Turn off input power to the instrument. 


b. Remove ROM IC6 and IC7 from its socket on the 
control board, and remove ROMs IC6 and IC7 from its 
socket on the interface board (if option -OL is installed). 
(See Figure 7-5 and A-2). 


c. Install the diagnostic PROM in place of ROM IC6 
observing pin | orientation. 


R5 
5.2V 
ADJ 


TP1 
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TP3 

TP6 
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VOLTAGE 
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a 
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R1 Ri 
A-D ADJUSTMENTS 
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R45 OFFSET 
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Figure 5-3 Control Board Bit Switch Settings 
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TABLE 5-2. CONTROL BOARD ADDRESS FIELD TEST* 


Signature Analyzer 


Switch Connection _ Bit Switch** 
Function Setting Point Ley2ie3 e464 ASG 
START iF TPI 
STOP la TRI 
CLK sl TPS 


Any setting 


Item 


Al2 
Al3 
Al4 


AIS: 


Measurement 


Point 


Common 
+5V 

1C3, pin 30 
IC3, pin 31 
IC3. pin 32 
1C3, pin 33 
1C3. pin 34 
1C3, pin 35 
IC3. pin 36 
IC3, pin 37 
1C3, pin 38 
1C3, pin 39 
1C3, pin 40 
1C3, pin | 
1C3. pin 2 
1C3. pin 3 
1C3, pin 4 
IC3, pin 5 


Signature 


0000 
755U 
H335 
C113 
7050 
0772 
C4C3 
AA08 
7211 
A3Cl 
7707 
STTA 
HH86 
89F 1 
AC99 
PCF3 
1180 
755U 


*This test checks the output of the proper address field by CPU IC3; however, any item connected to an address line 


could be responsible for an incorrect signature on that line. 
**O = open 


TABLE 5-3. CONTROL BOARD MEMORY DECODING TEST* 


Signature Analyzer 


Switch Connection Bit Switch** 
Function Setting Point ap? 3.47 S26 a ee 
START POL TPI 
STOP te Te! 
CLK ule “BPS ’ 
Any setting 


*This test checks decoding for selection of memory integrated circuits. 
**O = open 


Item 


Measurement 


Point 


Common 
+5V 

1C4, pin | 
IC4, pin 2 
IC4, pin 3 
IC4, pin 4 


Signature 


0000 
755U 
FU4U 
A207 
H6A3 
HU34 
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TABLE 5-4. CONTROL BOARD I/O DECODING TEST* 


Signature Analyzer 


Switch Connection Biteswitcn- = Measurement 
Function Setting Point Leia oe Op eS Item _ Point Signature 


START 

Sor 

CLK 

Any setting Common 

+5V 
IC14, pin | 
IC 14, pin 2 
IC14, pin 3 
IC 14, pin 4 
IC14, pin 5 


*This test checks decoding ‘oy selection of I/O integrated circuits. 
**O = open 


TABLE 5-5. CONTROL BOARD ROM 0 TEST™ 
Signature Analyzer 
Switch Connection Bit Switch Measurement 
Function Setting Point | aa kee coe. Ties Item Point Signature 


START 
SILOR 


CLK Any setting Common 


+5V 

1C6. pin 9 

1C6, pin 10 
1C6, pin 11 
IC6, pin 13 
1C6, pin 14 
IC6, pin 15 
1C6, pin 16 
1C6, pin 17 


*This test checks the program content of ROM 0), for software code 314BC. 


TABLE 5-6. CONTROL BOARD ROM 1 TEST* 


Signature Analyzer 
Switch Connection Bit Switch Measurement 
Function Setting Point | 2. 3. 4 MerO WIT 8 Point Signature 


Any Setting Common 0000 
rho ¥. 826P 


IC7, pin9 = A39U 
IC7, pin 10 =5U29 
IC7, pint! = tt2P 
IC7, pin 13. FUU2 
IC7, pin !4.  9AIS 
IC7, pin IS API2 
IC7, pin 16 916P 
iG7opin 17 1967 


*This test checks the program content of ROM ET, for software code 365BC. 
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TABLE 5-7. INTERFACE BOARD ROM 2 TEST* 


Signature Analyzer 


Switch Connection Bit Switch Measurement 

Function Setting Point Lb 2-6n 4uishe* 7 8 Item Point** Signature 

START TP18 

STOP iy TP18 

CLK ip aE ; Common 0000 

Any setting +5V 826P 

DO ICl.pin9 S04F 
Di ICI. pin !O0 A820 
D2 IC}. pin Il P06 
D3 IC], pin!3 90H3 
D4 ICI. pin!4 PCIA 
D5 ICl.pin IS 20AC 
D6 ICl. pin !6 PF5C 
D7 IC]. pin!7 721H 


*This test checks the program content of ROM 2. for software code 322BC. 
#* Signature analyzer connection points are on control board: measurement points are on interface board. 


d. Check to see that data bus connector PI on the control 
board is installed in socket JI. and that jumper PS on the 
control bourd is connected to connector JS. 


e. Turn on input power to the instrument. 


f. Perform the specific test procedures provided in Tables 
5-7 through 5-22. For each of the programmed signature 
analysis tests, make signature analyzer connections and 
switch settings as listed in the appropriate table. Then, set 
the bit switch on the control board as specified. 


Connect the signature analyzer probe to the specified 
measurement points, and compare the signatures ob- 
tained on the signature analyzer with those listed in the 
table. 


g. Note that in each signature analysis test the signature 
analyzer probe is first checked on common (ground) and 
then on +5 volts. If the specified signatures are not 
obtained for these checks, do not proceed further; sub- 
sequent signatures cannot possibly be correct. Recheck 
all signature analyzer connections and switch settings. 


h. Both visual and signature analysis tests are provided 
for the display and keyboard of the instrument. The visual 
check should be made first because it is fast and simple; 
if the visual check is satisfactory, the signature analysis 
test may be omitted. 


i. If an incorrect signature is obtained at any point, 
replace the integrated circuit (or other active device) most 
intimately associated with the node at which the incorrect 
signature is obtained. All integrated circuits and transis- 
tors in the instrument are socket-mounted for easy 
removal and replacement. If the signature ts still incorrect 
after all active devices have been checked, all passive 
devices connected to that node should be suspect. 
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j. Upon completion of all tests, disconnect all power t 
the instrument. Replace ROM U1 on the interface board _ 
the -01A option is installed. or replace the -01B board. if 
installed. Remove the diagnostic PROM from the contro! 
board and replace ROM IC6 and IC7. 


k. Restore the bit switch (Figure 5-4) to the settings 
recorded at the start of signature analysis tests. 


5-24. NON-VOLATILE RAM 
CIRCUIT TESTS. 


5-25. Non-Volatile RAM Test. To test non-volatil 
RAMIC8, proceed as follows: 


CAUTION 


This test will destroy and overwrite instrument data 
stored in the non-volatile RAM. necessitating reload- 
ing of data. This test should be made as a last resort 
only, or if it has been determined that stored instru- 
ment data has already been lost or is faulty. 


NOTE 


Leave the Boonton Electronics diagnostic ROM 
installed on the control board as for the programmed 
signature analysis tests. Make sure that jumper P5 on 
the control board is connected to connector J5. 


a. With power applied to the instrument, set all eight 
segments of the bit switch on the control board to the open 
position. 


b. Observe the instrument LED display. The LED dis- 
play should provide an error indication cccc initially. 
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TABLE 5-8 CONTROL BOARD 4ABIO TEST* 
Signature Analyzer 
: Switch Connection Bit Switch** Measurement 
Function. Setting Point I ES A ME PI oe Pare! Point 
START 
STOP 
CLK 


Signature 


CaGieccece G CC Common 0000 
45,V 0000 
J3, pin | 0000 
J3, pin 2 0000 
$3; pins 0000 
J3.pin4 0000 
a | Yet oh bs 0000 
J3, pin 6 0000 
J3, pin 7 0000 
J3, pin 8 0000 
J3, pin | 4F7C 
J3, pin 2 4F7C 
J3, pin 3 4F7C 
J3, pin 4 4F7C 
J3, pin 5 4F7C 
J3, pin 6 4F7C 
J3, pin 7 4F7C 
-J3. pin 8 4F7C 


*This test checks operation of ports A and B of the control module I/O port; the function of the bit switch is checked 
collaterally. 


**OQ = open; C = closed 


20.0 Oi OO 
AAO AO © Ow 


QA0N0 A|2OM GAD) 
CY.O GO.0Y oO Or@) 
O000.00 0 


TABLE 5-9 CONTROL BOARD 4CIO TEST* 


Signature Analyzer 
Switch Connection Bit Switch** Measurement 


Function Setting Point LZ Seta oe eo Item Point Signature 

START “e TPS 
SLOP “ib TP6 

CLK Ff TPS Common 0000 

+5V 7088 

OD CCC tC Ata PCO IC16, pin 14 5437 

PCl ICI6, pin 1S CCA9 

PG2 IC16, pin 16 1788 

FC3 IC16, pin 17 7C88 


*This test checks the operation of part of port C of the control board I/O port. 
**O = open; C = closed 


TABLE 5-10 CONTROL BOARD 4DIO TEST* 


Signature Analyzer ; ; 
Switch Connection _ Bit Switch** Measurement 


Setting Point Le N eee ee OF lee Item Point 


Function Signature 


Common 0000 

hie +5V 58UA 
CRON CRC Ca Ce GeO. pr 4 IC16, pin 13 0000 

PC4 IC16, pin 13 C35P 


*This test checks the operation of part of port C on the control board [/O port. 
**O = open; C = closed @ Line voltage = 120 volts @) Line voltage = 90 volts 


5-11 


Section V¥ 
Maintenance 


TABLE 5-11 DISPLAY VISUAL TEST 


Bit Switch* 


pty izeagMSr gia" 8 Instrument Display 
0 OC 0 OF@Cc 0 In succession: 
All zeros 


All ones through all nines 

All decimal points 

All left-most annunciators 

All left-most-! annunciators 

All left-most-2 annunciators 

All right-most annunciators and - sign 

Repeat of the above 

NOTE: If this visual check produces satisfactory results, there is no need to perform the associated signature analvsi 
check. 

* © = open; C = closed 


TABLE 5-12 CONTROL BOARD DISPLAY TEST* 


Signature Analyzer 


Switch Connection Bit Switch** Measurement 
Function Setting Point [eee oe too Ore eS Item Point Signature 
STAReluee { wi TP6 
STOP = ap TP6 
CLK iff TP5 
Common 0000 
+5V F72F 
O.-0. C10 0 TE7FCF%O DO IC3. pin 14 94F8 
DI 1C3, pin IS PH9U 
D2 IC3, pin 12 83FF 
D3 IC3. pin8 4AlH 
D4 iG3.pin 7 HIPS 
D5 IC3, pin9  F3A7 
D6 I1C3, pin 10 P85F 
D7 IC3. pin 13 5536 


*This test checks output of digital information to the display. The signature analysis gate in this test 1s quite 
lengthy (approximately 8 seconds); hold the signature analyzer probe on each test point for at least one complete 
window, approximately 20 seconds. 

**O = open; C = closed 
TABLE 5-13 CONTROL BOARD DISPLAY SCAN TEST* 


Signature A nalyzer 


Switch Connection Bit Switch** Measurement 
Function Setting Point [Pe 27 > wALeomOl el aes Item Point Signature 

START AF TP4 
STOP sls TP4 
CLK aks TP8 

Common 0000 

+5V 000U 

0..0.C4 0.0 Cy. Gyo SO IC18, pin 32 0000 

Sl IC18, pin 33 0005 

S2 IC18, pin 34 0003 


3 IC18, pin 35 O000U 


*This test checks the control board display 1/O chip for output of encoded scan data. 
*#*Q = open; C = closed 
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TABLE 5-14 KEYBOARD VISUAL TEST* 


‘es a ee is Press aed Uk Instrument Display 

CaGwOrCc C GxHCeFo MODE PWR 0 
RANGE AUTO I 

LIMITS LO 2 

CAL FACTOR dB 3 

SELECT SENS 4 

dB REP GeV PLB 5 

MODE dB 8 

RANGE HOLD 9 

LIMITS HI 10 

CAL FACTOR GH- 1] 

SEVEC CHANG i2 

CLR 13 

CHS 16 

5 17 

6 18 

‘ij 19 

8 20 

9 21 

24 
0 25 

| 26 

2 27 

3 28 

4 29 

CAL 32 

ZERO 33 


*This test is partly keyboard and partly control board because the I/O chip (IC18) for the display board resides on the 
control board. 
**O = open: C = closed 


TABLE 5-15 CONTROL BOARD RAM TEST* 


Signature Analyzer 
Switch Connection Bit Switch** Measurement 
Function Setting Point 3 Bis SOS Item Point Signature 


Op GOs Ga Go Ge GeO 


«This test writes bit patterns into each byte of the RAM, reads cach byte and outputs it to the test socket at the rear of the 
control board where it is checked with the signature analyzer probe. While not completely exhaustive, this test will 
disclose most RAM failures. 

**() = open; C = closed 
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TABLE 5-16 INPUT MODULE, CHANNEL 1 0AIO TEST* 
Signature Analyzer 


Switch Connection * Bit Switch** Measurement 
Function Setting Point*** 1 2 354 3 6hRess Item Point Signature 
START Oh TP6 
STOP 1k TP6 
CLK uf TPS 
Common 0000 
+5V 876P 
G7 OF, OSC. ClCre eo PAO ICI; pin 4 485P 
PAI ICI, pin3) = 1A33 
PA2 ICI,.pin.2 Esa 
PA3 ICT oir be ssthie 
PA4 IC], pin 40 OFFI 
PAS ICI, pin 39 FIOC 
PA6 ICI, pin 38 9091 
PA7 ICI, pin 37 4P8I 


*This test checks the operation of I/O port A of the input module; correct signatures depend on proper functioning of 
both the control board and the input module. 
**O = open: C = closed 


***Signature analyzer connection points are on the control board; measurement points are on input module board. 


TABLE 5-17 INPUT MODULE, CHANNEL 1 OBIO TEST* 


Signature Analyzer. 


Switch Connection _ Bit Switch** Measurement 
Function Setting Point*** LW A Ome a Item Point Signature 
START ahi TP6 
STOP iL TP6 
CLK JE p> 
Common 0000 
+5V 876P 
OFOZORCT CH CACTO PBO ICl, pin 18 485P 
PBI ICL pind nel Acts 
PB2 ICl, pin 20 F85P 
PB3 ICI, pin 21 SH7U 
PB4 IC) -pin.22 GEE 
PBS ICL. pin.23.. FIG 
PB6 ICI, pin 24 9091 
PB7 ICI, pin 25 4P81 


*This test checks the operation of I/O port B of the input module; correct signatures depend on proper functioning of 
both the control board and the input module. 

**Q = open; C = closed 

***Signature analyzer connection points are on the control board; measurement points are on input module board. 
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TABLE 5-18 INPUT MODULE, CHANNEL 1 0CIO TEST* 
Signature Analyzer | 
Switch Connection Bit Switch** 
Setting Point*** ar yhoarsee 7 8 


Measurement 


Function Point 


START 
STOP 
CLK oi TPS 


Item 


Signature 


Common 0000 


+5V 5064 
CAG GE Os GaCec sO PCO IC], pin 14 6UOl1 
PCI IGE pingloweo7 | U 
EG? eT pine Ose Gr He 
PC3 Lele ping lia ee el 


*This test checks the operation of part of I/O port C on the input module; correct signatures depend on proper 
operation of both the input module and the control board. 
**O = open; C = closed 


***Signature analyzer connection points are on the control board: measurement points are on input module board. 


TABLE 5-19 INPUT MODULE, CHANNEL 1 0DIO TEST* 
Signature Analyzer 
Switch Connection Bit Switch** Measurement 
Function Setting Pontos 2a 4a Ome Item Point Signature 
START ah 
STOP. ts 


‘bs ah Common 
+5V 
OCH CT OM CRCHCE OS TP BO A5J3, pin | 
PBO A5J3. pin! 7H97Q 


*This test checks part of I/O port C of the input module for channel 1. 

**Q = open; C = closed 

***Signature analyzer connection points and measurement points are on the control board. 

() Signature obtained with range calibrator connected to channel | input, and range calibrator set to zero and Rg =500k. 
or with instrument sensor connected to power REF connector and POWER REF ON switch set to off. 

@) Signature obtained with range calibrator connected to channel | input, and range calibrator set to range 5 and R,= 
500k, or with instrument sensor connected to POWER REF connector and POWER REF ON switch set to on. 


TABLE 5-20 INPUT MODULE, CHANNEL 2 1AJO TEST* 


Signature Analyzer ; 
Switch Connection Bit Switch** Measurement 


Setting Poinr*** Lie roe es Se 1 el dma Item Point 


Function 
START 
STOP ro TP6 
CLK fi aP5 


Signature 


Common 0000 


+5V 876P 
O20 eG, OuCacuce © PAO IC], pin4  485P 
PAI ICI, pin3~=—«LA33 
PA2 IGS pineZeeeksoe 
PA3 IGS pin eesH7U 
PA4 IC], pin 40 OFFI 
PA5 1Giepin G9 FIOC 
PA6 ICI, pin 38 9091 
PA7 ICI, pin 37 4P8I 


*This test checks the operation of I/O port A on input module 2. Correct signatures depend on the proper operation of 
both the control board and input module 2. 

**Q = open; C = closed ( . . 

***Signature analyzer connection points are on the control board; measurement points are on input module board. 


5-15 


Section V 
Maintenance 


TABLE 5-21 INPUT MODULE, CHANNEL 2 1BIO TEST* 
Signature Analyzer 
Switch Connection Bit Switch** Measurement 
Function Setting Point*** iT 27 35 4259 5g77 6 Point Signature 


Cc. CG O, O+ Ca Ga GeO 


*This test checks the operation of I/O port B of input module 2. Correct signatures depend on proper operation of 
both the control board and input module 2. 

**O = open; C = closed ; 

***Signature analyzer connection points are on the control board; measurement points are on input module board. 


TABLE 5-22 INPUT MODULE, CHANNEL 2 1CIO TEST* 


Signature Analyzer 
Switch Connection Bit Switch** Measurement 
Function Setting Pointe**” 1 FRU2913 964 15906017 G8 Item Point Signature 


Common 
+5V 
OF C7 GSO Crier al ICI, pin 14 
ICI, pin 15 
ICI, pin 16 
ICI, pin 17 


*This test checks the operation of part of I/O port C of input module 2. Correct signatures depend upon proper 
operation of both the control board and input module 2. 

**Q = open; C = closed 

***Signature analyzer connection points are on the control board; measurement points are on input module board. 
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TABLE 5-23 INPUT MODULE, CHANNEL 2 1DIO TEST* 


Signature Analyzer 
Switch Connection 


Function Setting Pontes? 


CEOU DOLCE Grr PBO 


Bit Switch** 


Ine 2addrq 44915 6 75,8... tem Point 


Measurement 
Signature 


Common 0000 

+5V P9511) or 1088 
A5J3, pin! 0000Q) 

PBO A5J3, pin! 7H97@ 


*This test checks part of [/O port C of the channel 2 input module. 


**Q = open: C = closed 


***Signature analyzer connection points and measurement points are on the control board. 
C) Signature obtained with range calibrator connected to the channel 2 input, and range calibrator set to zero and Rs 
=500k©2.orwithinstrument channel 2 sensor connected to POWER REF connector and POWER REF ON switch 


set to off. 


@) Signature obtained with range calibrator connected to the channel 2 input. and range calibrator set to range 5 and Rs 
=500k{2 ,or with instrument channel 2 sensor connected to POWER REF connector and POWER REF ON switch 


set to on. 


c. Turn the input power off, then back on. If the non- 
volatile RAM is operating properly, the instrument LED 
display will show III. 


d. Repeat step c several times. The LED display should 
always show 1111, not the error indication. 


e. Upon completion of this test. turn off input power to 
the instrument. remove the diagnostic ROM from the con- 
trol board, and install integrated circuits IC5 and IC6 in 
their sockets on the control board. making certain that the 
correct pin | orientation is observed. 


5-26. Non-Volatile RAM Cell Test. To test the non- 
volatile RAM cell, proceed as follows: 


CAUTION 


The following test procedure must be adhered to 
strictly; otherwise. instrument data stored in the non- 
volatile RAM will be lost. Do not attempt to take 
measurements other than those specified. Take all 
necessary precautions to ensure that no terminals are 
shorted to another terminal or to common (ground). 
NOTE 

The load imposed on the cell by the non-volatile 
RAM is 5.25 microamperes or less. With this load, 
the cell hasa rated life of at least 100,000 hours, which 
is greater than 10 years. 


a. Remove the non-volatile RAM cover to gain access to 
the cell terminals. 


b. Connect a digital multimeter between the cell positive 
terminal and ground. ensuring that the cell is not shorted to 
ground at any time. 


c. Observe the digital multimeter indication; it should 
be approximately 3 volts with input power to the instru- 
ment turned off. If the indication is much lower than 3 
volts, replace the cell in accordance with the procedures in 
paragraph 4-25. 


5-27. Non-Volatile RAM Cell Replacement. (See Figure 
5-4). The replacement time for the cell is expected to be 10 
years from the time of manufacture. This is the shelf life of 
the cell. If cell replacement is needed, restoration of all 
instrument calibration data will be required. To replace a 
defective cell, proceed as follows: 


Use care to avoid shorting the leads of the replace- 
ment cell. This will cause discharge of the cell and 
result in reduced cell lifetime. 


a. Remove the control printed circuit board from the 
instrument. 


b. Remove the insulating shields from the non-volatile 
RAM section. 


c. Disconnect the positive lead of the defective cell by 
cutting the lead. 


d. Unsolder the defective cell using a low-wattage 


soldering iron, and remove excess solder from the mount- 
ing holes. 
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e. Install the replacement cell, observing cell polarity. 


f. Solder the negative terminal of the cell first. Then, as 
quickly as possible, solder the positive terminal. 


g. Check the non-volatile RAM current by measuring 
the voitage across resistor R6. This voltage should be less 
than 525 microvolts. 


h. Measure the voltage at pin 12 of integrated circuit 
IC8. This voltage should be approximately 3 volts. 


i. ‘Reassemble the shields on the control printed circuit 
board. and install the control printed circuit board in the 
instrument. 


5-28. INSTRUMENT ADJUSTMENTS. 


5-29. General. Adjustment procedures are provided for 
the chopper, input, display, power supply and power refer- 
ence boards. The control board requires no adjustments. 
For the locations of test points and adjustment controls, 
refer to the applicable diagrams in Section VII. 


5-30. Power Supply Adjustments. With all power connec- 
tors in place, the instrument controls set for proper line 
operation, and with line voltage applied, make power 
supply adjustments as follows: 


a. Connect the digital voltmeter between TP3 and 
common. Note the voltage indication; it should be 5.20 
+0.002 Vdc. Adjust R5 as required to obtain the specified 
voltage. 


POSITIVE 


LEAD 


+ 


b. Connect the digital voltmeter between HI lead to TP2 
and LO lead to TP4. Note the voltage indication: it should _ 
be 150 mV +10 mV. Adjust R11 for an indication of 150 
mV. (The polarity of the reading will depend on how the 
test probes are connected to the circuit.) 


c. Connect the digital voltmeter between TP! and 
common. The voltage should be +15Vdc. +0.6 Vdc. 


d. Connect the digital voltmeter between TP5 and 
common. The voltage should be -15Vdc. +0.6Vdc. 


e. Connect the digital voltmeter between TP6 and 
common. The voltage should be -5Vdc. +0.2 Vdc. 


5-31. Input Module Adjustments. To adjust the input 
module. -proceed as follows: 


a. Gaining Access to Adjustment Controls. To gain 
access to input module adjustment controls, remove the 
four screws that attach the input module cover, and 
remove the cover. If the instrument is equipped with two 
input modules (option -03), the channel 2 input module 
will have to be removed temporarily to provide access to 
the channel | input module. The removal procedure for 
the channel 2 input module is as follows: 


1. Remove the four channel 2 input module cover 
attaching screws, and remove the cover. 


2. Remove the channel 2 chopper by unplugging it and 
positioning it out of the way. 


3. Disconnect the voltage supply cable. 
4. Disconnect the the 40-pin bus connector. 


CONTROL 
P.C. BOARD 


Figure 5-4 Non-Volatile RAM Cell Test and Connection Points 


5. Remove the four screws that attach the channel 2 
input module to the side frames of the instrument, dnd 
remove the channel 2 input module. Take care to ensure 
that no adjustments are disturbed. 


6. Reverse steps | through 5 to install the channel 2 
input module in the instrument. 


b. Offset Adjustments. To perform input module 
offset adjustments, proceed as follows: 


1. Turn on the instrument and the Model 2500 range 
calibrator, and allow the equipment to warm up for at 
least 30 minutes. 


2. Connect the equipment as shown in Figure 5-5. 


3. Set the instrument controls as follows: 


(a) Set the control board bit switch for calibrate mode I. 


(See Figure 5-3.) 


(6)) Press 1D Vand =SELEGH © CHNLe keys onthe 
keyboard if the channel I input module is to be adjusted: 
press the 2 and SELECT CHNL keys if the channel 2 
‘input module is to be adjusted. 


(c) Press the 0 and RANGE HOLD keys on the 
keyboard. 


4. Set the range calibrator and controls to range 0 and 
500k 2 source resistance, and press the ZERO button. 


5. Connect a digital multimeter between test point TP9 
on the input module and common. 

6. Connect a clip lead from test point FPS to chassis or 
common. 

7. Connect a clip lead from test point TP7 to chassis or 
common. 


%. Observe the digital multimeter indication; it should 
be less than +15 millivolts. If the digital multimeter 
indication is incorrect, adjust potentiometer R45 as 
required to provide a digital multimeter indication of less 
than +5 millivolts. 

9. Remove the clip lead from test point TP8. The 
digital multimeter indication should be less than 15 
millivolts. If the digital multimeter indication is incorrect. 
adjust potentiometer R36 as required to provide a digital 
multimeter indication of less than +5 millivolts. 


10. Remove the clip lead. from test point TP7. 


11. Using the digital multimeter, measure the voltage 
at test point TPS. The voltage should be less than +100 
millivolts. If the voltage is incorrect, adjust potentiometer 
R24 as required to provide a voltage indication of less than 
+100 millivolts. 

NOTE 


Potentiometer R24 is omitted tn later instruments. 


12. Jf nofurther adjustments are to be performed, set 
the control board bit switch back to operate made. (See 
Figure 5-3.) 
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c. Chopper Adjustment. The preceding offset adjust- 
ments must have been completed before chopper adjust- 


ment is attempted. To perform the chopper adjustment, 
proceed as follows: 


I. Allow the instrument to warm up for at least 30 
minutes. 


2. Connect the instrument and test equipment as 
shown in Figure 5-5.) 


3. Set the instrument controls as follows: 


(a) Set the control board bit switch for calibrate mode 1. 
(See Figure 5-3.) 


(b) Press the 1 and SELECT CHNL keys on the 
keyboard if the channel | chopper is to be adjusted: press 


the 2andSELECT CHNL keys if the channel! 2 chopper is 
to be adjusted. 


(c) Press the 0 and RANGE HOLD keys on the 
keyboard. 


4. Set the range calibrator controls to range 0 and 
500k source resistance. and press the ZERO button. 


5. Using the digital multimeter, measure the voltage at 
test point TP9 on the input module. Adjust potentiometer 
R4 and potentiometer R5 on the chopper board equally to 
obtain a reading from zero to-100 millivolts, but as close to 
zero as possible. 


NOTE 


Considerable fluctuation in the digital multi- 
meter indications will be observed during the 
voltage measurements in the preceding step. 
The fluctuation is caused by noise, thermals, 
etc. Mental averaging of the indications will be 
required. 


6. If no further adjustments are to be performed. set 
the control board bit switch back to operate mode. (See 
Figure 5-3.) 


d. A/D Converter Adjustment. Conversion of volt- 
age levels from analog to digital format is performed by 
the input module A/D converter. which operates in 
conjunction with the instrument microprocessor and 
appropriate software. There are two adjustments associ- 
ated with the Aj Dconverter: an upscale adjustment and a 
downscale adjustment. These adjustments have been 
made precisely during the instrument calibration process, 
and should seldom, if ever, require readjustment; how- 
ever, if it is desired to check and readjust the A/D 
converter, the procedure is as follows: 


NOTE 
The input module offset and chopper adjust- 


ments should be completed before proceeding 
with the A/D converter adjustment. 
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I. Connect the instrument and test equipment as 
shown in Figure 5-5. Turn on the instrument and test 
equipment and allow a warmup period of at least 30 
minutes. . 


2. Set the instrument centrols as follows: 


(a) Set the control board bit switch to calibrate mode I. 
(See Figure 5-3.) 


(b) Press the | and SELECT CHNL keys on the 
keyboard if the channel | input module is to be adjusted; 
press the 2 and SELECT CHNL keys on the keyboard if 
the channel 2 input module is to be adjusted. 


(c) Press the 0 and RANGE HOLD keys on the 
keyboard. ) 


3. Set the range calibrator controls to range 0 and 
500k source resistance. and press the ZERO button. © 


4. Zero the instrument by pressing the ZERO key on 
the keyboard. 


5. Upon completion of the zeroing operation. press 
the 5 and RANGE HOLD keys on the keyboard. 


6. Set the range calibrator to range 5 and release 
the ZERO button. The indication on the instrument LED 
display should be 3685. If the indication is incorrect, adjust 
potentiometer RI on the input module as required to 
obtain the 3685 indication on the LED display. 


7. Set the range calibrator to range 2. Press 2 and 
RANGE HOLD keys on the instrument and record the 
displayed reading. 


8. Set the range calibrator to range | and adjust R11 
for one tenth of the reading recorded on range 2. For 
example, if the range 2 display was 3680. set range I to 
display 368. 


NOTE 


If there is not enough range of RI or RIT. 
center RI and RII under the conditions of 


MODEL 2500 
RANGE 
CALIBRATOR 


paragraph 6 above and adjust R44 to obtain a 
display of 3.685 on range 5. Then repeat para- 
graphs 7 and & above. There is some interaction 
between RI and R11. so recheck adjustments. 


9. Set the control board bit switch back to OPER- 
ATE MODE. (See Figure 5-3.) 


NOTE 


Data has been entered into the non-volatile 
memory of the instrument at the factory for the 
instrument and for the sensor(s) ordered with 
the instrument. A copy of the factory-entered 
data is provided under the right side cover of 
the instrument. Field entry of data is not 
required unless stored data is destroyed or its 
accuracy becomes suspect, or if another sensor 
is to be used with the instrument. 


§-32. DC Calibration. The front end of the instru- 
ment input module is a balanced-input DC amplifier with 
seven decade ranges for nominal inputs of 10 microvolts to 


10 volts. The output is an unbalanced DC with a 2.5 volt 
full scale value for each.range: this DC is converted into a 
proportional digital value. One manual gain adjustment, 
potentiometer R44, adjusts the gain of all ranges by the 
same amount: this adjustment is factory set during instru- 
ment calibration. Individual range adjustments are accom- 
plished through software correction or adjustment, which 
is also determined during instrument calibration. The soft- 
ware corrections are stored in the instrument non-volatile 
memory. A gain factor associated with the recorder DC 
output is also stored in the memory. To calibrate the DC 
gain of the instrument, proceed as follows: 


a. Connect the instrument and test equipment as shown 
in Figure 5-5. 


b. Set the instrument controls as follows: 


MODEL 4200 
RF 


MICROWATTMETER 
i CHANNEL 2 


SENSOR 


CHANNEL 1 


— eee eee 


Figure 5-5 Test Setup for Input Module Offset, Chopper, and A/D Converter Adjustments. 
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1. Set the control board bit switch to OPERATE 
MODE (see Figure 5-3.) 


2. Set the range calibrator to range 0 and depress 
ZERO. 


3. Press the | and SELECT CHNL keysif channel | 
is to be adjusted; press the 2 and SELECT CHNL keys if 
channel 2 is to be adjusted. 


4. Press the MODE PWR key. 
5. Press the 0 and CAL FACTOR dB keys. 
6. Press the 0 and REF LEVEL GB keys. 


7. Press the ZERO key. 


8. After zeroing is completed, set the control board 
bit switch to CALIBRATE MODE | and press. in order, 
the 1,0. 0.0. and RANGE AUTO keys. 


9. Release the range calibrator ZERO. 


10. Line-by-line set the range calibrator and press the 
instrument keys as listed in Table 5-24. 


11. Disconnect the range calibrator and set the control 
board bit switch to OPERATE MODE. 


5-33. AC Calibration. Two types of data are stored in the 
instrument non-volatile memory for each sensor that is 
calibrated with the instrument: low-frequency gain correc- 
tions, and high-frequency gain corrections or calibration 
factors. (The calibration factors are marked on the sensor 
housing.) The low-frequency guin corrections are of two 
types: a gain factor for each range, and a gain correction for 
each range. Any sensor procured independently of the in- 
strument must have its low-frequency gain data entered and 
stored in the non-volatile memory. Entry of high-frequency 
gain corrections is not absolutely necessary because calibra- 
tion factors can be read from the sensor housing and enteréd 
through the instrument keyboard while using the instru- 
ment: however, if the capability of making automatic high- 
frequency gain corrections us a function of frequency is 
desired. high-frequency gain corrections must also be 
entered and stored in the instrument non-volatile memory. 
To calibrate the low-frequency gain of the instrument. 
proceed as follows: 


MODEL 25A 
POWER METER 
CALIBRATOR 


MICROWATTMETER 
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NOTE 


For 4200-5B and 4200-S5E series sensors, in- 
crease all the levels indicated below by + 10 
dBm. For 4200-6 series sensors, increase all 
levels by +20 dBm. Refer to paragraph S-+] 
for procedure to obtain levels sufficient to cali- 
brate the highest range when using a 4200-6 
sensor. Refer to paragraph 5-40 for calibrating a 
42(0-4C sensor. 


a. Connect the instrument and test equipment as shown 
in Figure 5-6. 


NOTE 


To calibrate with 4200-5G. 4200-7E or 4200- 
SE sensors. the Model 25A must be replaced 
with an equivalent 50 MHz source. 


b. Depress the Model 25A ZERO or 50 MHz source. 
c. Set the control board bit switch to OPERATE MODE. 


d. Press. in order, the 1, SELECT, CHNL. sensor 
number of | through 8, as appropriate. (See Section 5-39 
for additional sensors), SELECT SENS. 0. CAL FACTOR 
dB. 0. und REF LEVEL dB keys. 


e. Set the control board bit switch to CALIBRATE 
MODE |. 


f If calibrating a 4200-4A. B.C. E series sensor. press. 
in order. the 0, CAL FACTOR GHz. 1. 0. 0. 0. and CAL 
FACTOR dB keys. 


If calibrating a 4200-6E series sensor. press. in order. the 2 
CAL FACTOR GHz. 1. 0. 0,.0. and CAL FACTOR dB 


keys. 


If calibrating a 4200-7E sensor. press, in order, the 1.3. 4. 
CAL FACTOR GHz. 3. 8. 5. 0. and CAL WGTOR dB 


keys. 


If calibrating a 4200-8E sensor. press, in order. the 1. 3. 2. 
CAL FACTOR GHz. 3. 8. 5. 0. and CAL FACTOR dB 
keys, 


MODEL 4200 
RF 
* DIGITAL 
MULTIMETER 


SENSOR 


POWER 
SENSOR 


* DIGITAL MULTIMETER CONNECTS TO 
REAR PANEL CONNECTOR J20. 


Figure 5-6 Test Setup for Recorder Output Adjustment 
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TABLE 5-24. DC CALIBRATION TEST 


Range 0 0. RANGE HOLD, 


3.6...8.5.MODE dB 
. RANGE HOLD 
. RANGE HOLD 
. RANGE HOLD 


Range | 


Range 2 


Runge 3 


Range Allow 
Calibrator Press settling Press 


Record 
Display 


. RANGE HOLD 
. RANGE HOLD 
. RANGE HOLD 


Range 4 
Range 5 
Range 6A* 


EYREPLCEVEEUB = 1000 
. REF LEVEL dB = 1000 
SREB LEVEL @E = 1000 
. REF LEVEL dB = 1000 
REP CEWEL oo = 1000 
. REF LEVEL dB = 1000 


. REF LEVEL dB 


*S/N 975 and above if B() series software is used. set Range to 6B. SN 1186 and above set to range 6B. 


If calibrating a 4200-5B. E series sensor. press. in order, 
the 1. CAL FACTOR GHz. !. 0. 0. 0. and CAL FACTOR 
dB keys. 

If calibrating a 4200-5G series sensor. press. in order. 6. 5. 
CAL FACTOR GHz. |. 0. 0. 0. and CAL FACTOR dB 
keys. 


g. Enter the last four digits of the sensor serial number 
by pressing the appropriate keys followed by the LIMITS 
dB HI. 1. 0. 0. 0. and RANGE AUTO keys. 


NOTE 
Pressing N and then HOLD selects range N. 


h. Set the control board bit switch to CALIBRATE 
MODE 2 for subsequent operations. 


i. Zero the 4200 by pressing 0. HOLD. ZERO. Wait for 
the completion of the zeroing process (digit display indi- 
cates cece then returns to numeric display). 


j. To adjust the full scale gain, set the Model 25A or 
50 MHz source and 4200 as listed in Table 5-25 


k. Set 25A or 50 MHz source for no output. Set the con- 
trol board bit switch to OPERATE MODE and press 
RANGE AUTO. ZERO. 


1. To calculate the down scale corrections, set the 
Model 25A or 50 MHz source and 4200 as listed in Table 
5-26. 


NOTE 


There is a one-to-one relationship between the 
counts entered for the downscale correction (X) 
and the correction which results. 


Example True reading = 1.000 pW 
Display reading = 1:006 ~W 
Downscale correction = —6 


Always use whole numbers: the idea ts for dis- 
play reading to equal true reading. 


True reading = 10.00 pW 
Display reading = 9.95 pW 
Downscale correction = 5 


m. To enter the downscale correction. refer to Table S- 
27 and set the bit switch to CALIBRATE MODE 2. 


n. Set the bit switch to OPERATE MODE and cheek 
accuracy. 


o. If after checking accuracy there are out-of-tolerancc 
conditions. the quality of cach range may be changed as 
follows: 


Example 


OPERATE MODE input = —44dBm 

Display reads —44.30 dBm 

The difference is 30 counts low. In dBm mode, there is a 
twenty-to-one relationship between. the counts entered for 
full scale correction and the correction which results: 20 x: 
30 = 600 

Set the bit switch to CALIBRATE MODE 2 and recall gain 
factor by pressing HOLD. REF LEVEL dB. A gain factor 
of 5000 is displayed. Increase gain factor by 600 by pres- 
sing: 5.6.0.0. REF LEVEL dB. Recheck in OPERATE 
MODE. If the example display was 30 counts high, a cor- 
rection would have been made 600 counts lower or 4400. 


5-34. Display Board Recorder Output Adjustment. To 
check and adjust the recorder output, proceed as follows: 


Section Y 


TABLE 5-25. FULL SCALE SENSOR CALIBRATION DATA Maintenance 
FOR 4A, 4B, 4C, 5B*, SE* AND 6E* SERIES SENSORS 


25A 50MHz Press settling Press Display 


— 54dBm(.398nW) THOLD39S CAL.O.HI, REF LVL dB = 5000 
0,MODE dB 


WAHOUD 3.9.4 
0.MODE dB 


2d1OLD.3.9°5, 
0.MODE dB 


3 HOLD.3 9s. 
0.MODE dB 


+ HOLD 9... 
0.MODE dB 


S:HOED ON 
9. MODE dB 


a1 w (ELTA Bae Tee 
9. MODE dB 


— 44dBm(3.98nW) CAL.O.HI. REF LVL dB = 5000 


— 34dBm(39.8nW) CAL.O,HI. REF LVL dB = 5000 


—24dBm(3.98n.W) 


CAL.0O.HI. REF LVL dB = 5000 


— |4dBm(39.82.W) 


CAL.O.HI. REF LVL dB 


OdBm(1.00mW) 


CAL.O.HI. REF LVL dB 


+ 10dBm(10.0mW) 


Cal. 0-H REE LVL Go 


*A}l levels should be increased by 10 dB for 5B and 5E sensors and 20 dB for 6E sensor. 
FOR 5G SERIES SENSOR 


— 29dBmi1.26.W) 22 HOLD, |..2 — CAL.O.HI, REF LVL dB = 5000 
0.MODE dB 


— 19dBm(12.62W) SHORD Vio CAL.0.HI. REF LVL dB = 5000 
0.MODE dB 


— 6dBm(.251mW) TTHOLD 2 Dyes CAL.0.HI.RERLVEdB = 5000 
0.MODE dB 


+ 7dBm(5.01mW) Sere 25.0.2. CAL.0.HI. REF LVL dB = 5000 
0.MODE dB 


+ 19dBm(79.4mW) OTOL 59. +4 CAL.O.HI. REF LVL dB = 5000 
0.MODE dB 


0.HOLD.O.REF LVL dB.0.HI. 
0.HOLD.0.REF LVL dB.0.HI 


FOR 7E AND 8E* SERIES SENSORS 
Allow 
S5OMHz source Press settling 

— 20dBm(10.02.W) 


O,HOLD.9,9..49 
9 MODE dB 


WHOCDS oy 
9. MODE dB 


2. HOLD 2.2. a 
9. MODE dB 


3,HOLD.9.:9.4.9 
9, MODE dB 


4.HOLD.O,REF LVL dB.0.HI 
5, HOLD.0.REF LVL dB.0.HI 
6,HOLD.O.REF LVL dB.0.HI 


Record 
Display 


= S000 


CAL.0,HI. REF LVL dB 


— 10dBmi( 1002.W) 2 


CALACHIS Ren OViEds = 5000 


OdBni(1.OOmW) CAL.O.HI. REF LVL dB = 5000 


+ 10dBni( 10.0mW) CAL.O.HIVREELVLJB = 5000 


#Inerease level by 10 dB for SE sensor. 
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TABLE 5-26. DOWN SCALE SENSOR CALIBRATION DATA 
FOR 4A, 4B, 4C, 4E, 5B*, 5E* AND 6E* SERIES SENSORS 


25A or SOMHz Reading True Reading Downscale Correction 


— 60dBm(1.00nW) 1.00nW Range 0 = 


— 50dBm(10.00nW) 10.00nW 
— 40dBm(100.0nW) 100.0nW 


Range | 
Range 2 
— 30dBm(1.000nW) 1 .O00p.W 
— 20dBm( 10.002 W) 10.002W 
— 10dBm( 100.02. W) 100.02.W 

+ 3dBmi(2.00mW) 2.00mW 


Range 3 
Range 4 
Range 5 


Range 6 


*AIl levels should be increased by 10 dB for 5B and SE sensors and 20 dB for 6E sensor. 
FOR 5G SERIES SENSOR 


Record Display 
S5OMHz source Reading True Reading Downscale Correction 


— 37dBm(.2002.W) -2002.W Range 2 = 

— 26dBm(2.51 WW) 2.51 nW Range 3 = 

— 16dBm(25.1,W) 25.1 2.W Range 4 = 
— 3dBm(.501mW) .501mW Range 5 

+ 10dBm(10.0mW) 10.0mW Range 6 


FOR 7E AND 8E SERIES SENSORS 


Record Display 
50MHz source Reading True Reading Downscuale Correction 


— 26dBm(2.512.W) Runge 0 = 
= 16dBm(25.1.W) 
— 6dBm(.251mW) 
+4dBm(2.51mW) 


Range | 


Range 2 


Range 3 


TABLE 5-27. DOWNSCALE 
CORRECTION DATA 


X Denotes downscale correction 
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a. Connect the instrument and test equipment as shown 
in Figure 5-6. . 
b. Set the instrument controls as follows: 
|. Press the MODE PWR key on the keyboard: 
2. Press the RANGE AUTO key on the keyboard. 


. Press the 0 and CAL FACTOR GB keys on the 
keyboard. 


4+. Press the 0 and REF LEVEL dB keys on. the 
keyboard. 


‘J 


c. Set the power meter calibrator output to | mW. 


d. Check the indication on the LED display of the instru- 
ment. If the indication is not 1.000 mW. press the CAL 
key. 


e. With 1.000 mW indicated on the LED display. check 
the indication on the digital multimeter: it should be 9.98 to 
10.00 volts. If the indication is correct. proceed directly to 
step hz if the indication is incorrect. procced to step f. 


Ff. Uf the digital multimeter indication in preceding step e 
was Incorrect. set the control board bit switch to CALI- 
BRATE MODE | (see Figure 5-3) and press the LIMITS 
dB LO key on the keyboard. The LED display will show a 
gain modifier of approximately 3600. Calculate a revised 
gain modifier value to obtain the required correction.: For 
example: if the digital multimeter indication were 9.96 volts 
(0.4% low) and the LIMITS dB LO key recalled a gain 
modifier of 3500. the revised gain modifier value would be: 


1.004 x 3500 = 3514. 


Enter this revised gain modifier value by pressing the 
following keys on the keyboard: 

syed 

LIMITS dB LO 

LIMITS dB LO (revised value should appear on the LED 
display) 


x. Reset the control board bit switch to OPERATE 
MODE 0. (See Figure 5-3.) Note the indication on the digi- 
tal multimeter: it shuld be 9.98 to 10.00 volts. Repeat steps 
f and g. if necessary, until the correct indication is obtained. 


h. Set the power meter calibrator output to 0.125 mW, 
and observe the indications on the instrument LED display 
and on the digital multimeter. The millivolt indication on 
the dietal multimeter should equal ten times the value 
vhosen-on the LED display +1 count. If the digital multi- 
meter indication is incorrect. adjust potentiometer R55 on 
the input module board as required to provide the proper 
digital multimeter indication, 


i. Repeat steps ¢ through h until no further adjustments 


are NECessa’ry. 
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NOTE 


Make sure that control board bit switch is set 
back to OPERATE MODE upon completion of 
adjustments. 


5-35. Power Reference Adjustment. To check and adjust 
the power reference output. proceed as follows: 


a. Connect a 50-ohm test probe to a Mode! EPM-1 milli- 
watt test set. 


b. Tum on the milliwatt test set and the instrument. 
Allow the milliwatt test set and the instrument to warm up 
for at least 30 minutes. 


c. Standardize the milliwatt test set in accordance with 
the munufacturer’s instructions. 


d. Connect the probe of the milliwatt test set to the 
POWER REF connector of the instrument and note the indi- 
cation on the milliwatt test set. The indication should be 
within + 0.005 dB. 


NOTE 


If the indication in step d is within the specified 
limits. no adjustment of the power reference is 
required. Proceed with the following steps only 
if the indication ts outside the specified limits. 


e. Remove the bottom cover. 


f. Remove the bottom front trim strip from the instru- 
ment by removing the two screws (one on each side). that 
secure the trim strip. 


g. Locate the power reference adjustment. (See Figure 
5-1.) 


h. Adjust the power reference adjustment R4 as required 
to obtain an indication of 0 dBm +0.005 dB on the milli- 
wull test set. 


i. Restandardize the milliwatt test set and recheck the 
power reference. Readjust the power reference adjustment 
as necessary. 


j. Turn off the instrument and the milliwatt test set. 
Install the trim strips and cover. 


5-36. Entry of Sensor Calibration Factors Versus Fre- 
quency. Proceed as folows: 


NOTE 
The 4200 is capable of storing twenty calibration 
factors (0 through 19) for each sensor (from | to 8) 


programmed into the instrument. Frequencies must be 
in ascending order, starting with the lowest and 
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advancing in sequence to the highest. If less than 
twenty calibration factors are to be entered, enter the 
calibration factors available then fill the remaining 
positions with the highest frequency and associated 
calibration factor. 


a. Using the keyboard keys. select the sensor for which 
calibration factors are to be entered. For example, if the 
calibration factors to be entered are for sensor 4, press the 4 
and SELECT SENS-keys. 


b. To confirm correct sensor selection press the SELECT 
SENS key. The number of the selected sensor will appear 
on the instrument LED display. 


c. Set the control board bit switch, to CALIBRATE 
MODE 2. Refer to Figure 5-3. 


d. Using the keyboard keys, enter the calibration factor 
position number (0 through 19) followed by the RANGE 
AUTO key. 


For example: to enter a frequency and calibration factor into 
position 0, press the 0 key followed by the RANGE AUTO 
key. 

e. Using the keyboard keys, enter the frequency to which 
the sensor calibration factor to be entered applies. 


For example: if the sensor calibration factor to be entered 
applies to a frequency of 0.1 GHz. press the 0, «. and | 
numeric key, then press the CAL FACTOR GHz key. 
(Frequencies of 0.1 GHz through 110 GHz are valid). 


f. Using the numerical keys. enter the sensor calibration 
factor for the frequency selected in step e.. (For negative 
values. press the CHS key after entering the sensor calibra- 
tion factor value.) After entering the correct sensor calibra- 
tion factor value. press the CAL FACTOR GB key. (Values 
of —3.00 to +3.00 are valid.) 


g. Repeat steps d through f until all twenty positions are 
filled. 


h. Press the 0 and RANGE AUTO keys. 


i. Set the control board bit switch, to the OPERATE 
MODE. Refer to Figure 5-3. 


5-37. SENSOR CALIBRATION 


5-38. General. In order to use a sensor for which calibration 
data is unknown, the following requirements must be met: 


a. The control board bit switch must be set to accept 
another sensor number without retuming an error indica- 
tion. Data is stored in the instrument non-volatile memory 
for the number of sensors procured with the instrument: if a 
sensor number other than any of: those for which data is 
stored is selected. an error message is displayed on the in- 
strument LED display, thereby indicating an empty storage 
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location. The control board bit switch is set to accept thi 

number as the number of the sensor for which new data is to 
be entered. and the error indication is erased automatically 

The maximum number of sensors for which data may b: 

stored is eight. If data for eight sensors is already in storag: 
and it is desired to use another sensor. the data already in 
storage for one of the sensors must be over written. 


b. Serial number. type. and attenuation data for the new 
sensor must be entered into non-volatile memory. (See Sec 
tion 5-33) 


c. Gain factors and gain corrections for the new senso 
must be developed. entered. and checked. A calibratioi 
source is required for this function. (See Section 5-33) 


d. Calibration factors versus frequency, which are shown 
on the barrel of the sensor, must be entered into non-volatile 
memory. (See Secton 5-36) 


5-39. Bit Switch Setting For Additional Sensor. To de- 
termine the correct bit switch setting for the new sensor. 
proceed as follows: 


a. If the number of sensors for which data is already 
stored is unknown, select sensors in sequence: through the 
keyboard until an error indication (CCO2) appears on the 
instrument LED display. For example, press the 1 and 
SELECT SENS keys, the 2 and SELECT SENS keys, the 3 
and SELECT SENS keys. and the 4 and SELECT SENS 
keys. 


b. When an error indication is retumed. press the 
SELECT SENS key a second time: if the LED display does 
not indicate the last selected sensor number. it can be as- 
sumed that no data has been entered in non-volatile memory 
for this sensor number. 


c. Set the control board bit switch (Figure 5-3) to accept 
the sensor number that produced the error indication and 
mark this sensor number on the sensor barrel. 


5-40. Calibration of Model 4200-4C Sensor. The calibra- 
tion procedures for this sensor are the same as those for 
other sensors. except that a 50-ohm to 75-ohm transformer 
is required between.the power meter calibrator and the 
sensor. Any loss or gain introduced by the transformer must 
be taken into account during the calibration procedure. For 
example, if a transformer with a loss of 0.05 dB at | MHz is 
used. the LED display indications must be reduced by 0.05 
dB while the input levels remain the same. 


NOTE 


When making final calibration checks of the 
sensor, the transformer loss in the example 


above can be compensated for by entering a cal- 
ibration factor of + 0.05 dB into the instrument. 


5-41. Calibration Notes, Model 4200-6 Sensor +30 
dBm Range. 


5-42. The maximum output level of the Model 25A cali- 
brator, which is recommended for instrument calibration, is 
+20 dBm. Because levels of +20 to +30 dBm are re- 
quired for checking or calibrating the highest range of the 
4200-6 sensor, an amplifier with an exact gain of 10 in 
power and a capability of delivering I watt into 50 ohms at 
| MHz is required. The procedure which follows outlines an 
alternate method for checking this range. 


a. Calibrate and/or check the instrument with the 4200-6 
sensor on all ranges except the highest (+30 dBm) range as 
outlined in paragraph 5-33. 


b. Connect the instrument and test equipment as shown 
in Figure 5-7. A small fan directed at the Model ZHL-3A 
will minimize drift. The exact attenuation of the 10 dB. 50 
ohm attenuator must be known. If the exact attenuation is 
unknown, it can be determined with a reasonable degree of 
accuracy as follows: 


1. With the Model 25A, the instrument, and the 4200- 
6 sensor calibrated or checked as in paragraph a above, set 
the output of the Model 25A-to 10 dBm and connect the 
equipment as shown in Figure 5-8. 


2. Note the reading on the instrument display. The 
attenuation value of the 10 dBm attenuator is 10 dBm minus 
the dBm indication on the instrument display. Higher resol- 
ution may be obtained by operating the instrument in the 
PWR mode and calculating the attenuation value from: 


Attenuation (dB) = 
log 10.00 mW 
Instrument indication (mW) with 10 dB attenuator 


c. Using the test setup shown in Figure 5-7, note and 
record the indication on the instrument display as the Model 
25A output level is varied over the range of +10 dBm to 
+1 dBm. A tabular form as shown in Table 5-28 is recom- 
mended. In Table 5-28, the first column is the Model 25A 
output setting, and the second column lists indications 
typical of what might be expected. These two columns 
amount to a calibration of the Model 25A — Model ZHL-3A 
combination. 


d. Remove the 10 dB attenuator from the test setup 
shown in Figure 5-7, and connect the 4200-6 sensor directly 
to the Mode! ZHL-3A. Set the Model 25A output to the 
levels listed in the first column of Table 5-28, and record 
the indications on the instrument display in the third column 
of the table. Ideally, the values listed in the third column 
will equal those listed in the second column plus the exact 
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attenuation value of the 10 dB attenuator. If the values listed 
in the third column are within +0.02 of the values listed 
in the second column plus the exact value of the 10 dB 
attenuator, no adjustment on this range is needed. If read- 
justment is desired, proceed to paragraph 5-44. 


NOTE 


At the higher output level. the output will be 
distorted: however, this does not matter since 
the same distortion exists in both determinations 
(second and third columns). 


5-43. In the +30 dBm range adjustment procedure that fol- 
lows, it is assumed that the 4200-6 sensor has been pre- 
viously calibrated with the instrument. The adjustment 
value is stored in REF LEVEL dB: this value will be in the 
vicinity of 5000. If the 4200-6 sensor has not been cali- 
brated with the instrument. 5000 should be stored initially 
and adjusted as necessary. Use the following procedure: 


a. Set the Model 25A output to +7 dBm. 


b. Set the control board bit switch (Figure 5-3) to 
CALIBRATE MODE 2 (switch No. 2open). 


c. Press the instrument REF LEVEL dB key. The dis- 
play will indicate a number in the vicinity of 5000. 


d. If the 4200-6 sensor has not been calibrated previ- 
ously, enter 5000 as the initial value by pressing the 5, 0. 0, 
0. and REF LEVEL dB keys. Repeat the procedures of 
paragraphs 5-42c. 5-42d. and 5-43a through 5-43c. 


e. Adjust the value obtained in paragraph c above in the 
desired direction by increasing or decreasing this value. A 
change of 12 counts in this value corresponds to a change of 
approximately 0.01 dB. For example: if the recorded indi- 
cation in Table 5-28 were 25.34 dBm rather than 25.32 
dBm as required. a correction of —0.02 dB is necessary: 
therefore. 24 counts should be subtracted from the value ob- 
tained in paragraph ¢ above. To enter this new value. press 
the N, N, N. N. and REF LEVEL dB keys. 


f. After entering the adjusted value, set the control board 
bit switch (Figure 5-3) to the OPERATE MODE (switch 
No. 2 closed). and recheck the performance by retumning to 
paragraph 5-43c. 


5-44. If the difference in the last column of Table 5-23 
exceeds +0.02 dB for the 3, 4 or 5 dBm setting of the 
Model 25A, this difference may be reduced as follows: 


a. Set the Model 25A output to +4 dBm. 


b. Set the control board bit switch (Figure 5-3) to 
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MODEL 25A 
POWER METER 
CALIBRATOR 


ATTENUATOR 
HP MODEL 355C 
OR EQUIVALENT 


MODEL ZHL-3A 
AMPLIFIER 
(10 mW) 


10 dB MODEL 
50 OHM 4200-6 
ATTENUATOR SENSOR 


Figure 5-7. Test Setup for Determination of Attenuation Value 


MODEL 25A 
POWER METER 
CALIBRATOR 
(10 dBm) 


10 dB 
50 OHM 
ATTENUATOR 


MODEL 
4200-6 
SENSOR 


Figure 5-8. Calibration Test Setup. Model 4200-6 Sensor, +30 dBm Range 


TABLE 5-28. TYPICAL CALIBRATION DATA FOR MODEL 4200-6 SENSOR WITH MODEL 4200 


Model 25A Model 4200 Indication Model 4200 Indication ; . 
Level with 10 dB Atten. Without 10 dB Atten. Difference 


20.02 dBm 
19.02 dBm 
18.06 dBm 
17.09 dBm 


16.12 dBm 
15.13 dBm 
14.15 dBm 
13.16dBm 
12.18 dBm 
11.17 dBm 


CALIBRATE MODE 2 (switch No. 2 open). 


c. Press the LIMITS dB HI key on the instrument front 
panel and note the value shown on the instrument display. | 


d. Increase or decrease this value as required in steps of 


5 or 10 counts, returning the control board bit switch to the 
OPERATE MODE (switch No. 2 closed). and noting the 
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30.03 dBm 
29.04 dBm 
28.07 dBm 
27.09 dBm 
26.11 dBm 
25.12 dBm 
24.13 dBm 
23.16 dBm 
22.18 dBm 
21.18 dBm 


+0.01 dB 
+0.02 dB 
+0.01 dB 

0.00 dB 
—0.01 dB 
—0.01 dB 
—0.02 dB 

0.00 dB 

0.00 dB 
+0.01 dB 


result. Repeat the adjustment as necessary to obtain the de- 
sired indication. 


e. Recheck the entire range. starting with paragraph 


5-43e. 


f At the conclusion of the procedure. be sure to return 
the control board bit switch to the OPERATE MODE 


(switch No. 2 closed). 
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PARTS LIST 


6-1. INTRODUCTION 


Table 6-2. Replaceable Parts, list all the replaceable parts 
and includes: the reference symbol, description. Mfr.. 
Mfr's Part No. and the BEC Part No. Table 6-1. Manu- 


facturer’s Federal Supply Code Numbers, list the manufac- 
turer's federal supply numbers. 


TABLE 6-1. MANUFACTURER’S FEDERAL SUPPLY CODE NUMBERS 


Fenwal Electronics 

Allen Bradley 

Sprague Electric Company 
Texas Instruments 


NUMBER | NAME 


54420 Dage - MTI 

54426 Buss Fuses 

54473 Panasonic 

56289 Sprague Electric Company 
$6708 Zilog, Inc. 

57582 Kahgan Electronics Corp. 
61637 Kemet-Union Carbide 
71450 CTS Corp. 

73138 Beckman [nstru.. Helipot Div. 
81073 Grayhill 

91293 Johanson 

91506 Augat 

98291 Sealectro Corp. 

99942 Centralab 

S4217 United Chemicon. Inc. 


OO0241 
Oli2I 
01247 
01295 
02660 
02735 
03838 
04713 
04901 
06383 
06776 
07263 
07326 
13812 
14655 
17801 
19701 


20307 
24266 
27014 
27264 
23D 
27777 
28480 
31313 
31918 
32575 
32897 
B2997 
33297, 
33883 
34335 
$1640 
52464 


Arco = Micronics 
Gowanda Electronics 
National Semiconductor 
Molex, Inc. 

F-Dyne Electronics 

Varo Semiconductor 
Hewlett-Packard Corp. 
Components Corp. 

ITT Schadow, Inc. 

AMP 

Ene 

Bours, Inc.. Trimpot Div. 
NEC 

RMC 

Advanced Micro Devices 
Analog Devices, Inc. 
OKI 


Amphenol 

RCA Solid State Division 
Pyrofilm (KDD 
Motorola Semiconductor 
Boonton Electronics 
Panduit Corp. 

Robinson Nugent, Inc. 
Fairchild Semiconductor 
Fairchild Semiconductor 
Dialco Div. of Amperex 
Comell-Dubilier 

Panel Corp. (Schurter) 
Mepco Electra 


TABLE 6-2. REPLACEABLE PARTS 


2940043028 OPCODE: 8 REV: B* COMMON CHASSIS 4200 

MOCEL: 4290 

REFERENCE FED, MANUFACTURER Bec 
CESIGNATOR CESCRIFTION COCE PART HUMBER QT¥ PART NUMBER 
AS (G2 PWR CONTROL 042901 042274008 1 O4223400E 
A2( 2) CG? Pll DISPLAY 04901 O4275900C 1 O42asSg0nc 
ATL S) (G> PWa PQWER SUPPLY 04901 O42235100C 1 942231000 
ABC 1S) CG> PWA INPUT 04901 O42230018 1 0422350018 
J26 (G> CONNECTOR ASSY FEMNLE 04901 O921410IC 1 09214101C 
J1-03 (G>) CONNECTOR ASSY FEMALE 04901 0921410I1C 1 09214101C 
J36-04 (G) CONNECTOR ASSY FEMALE 04901 09214101C 1 09214101C 
wi? €G) CABLE UNIT 16 PIN 049N1 92004600E 1 920046008 
Wen CABLE FLAT UNIT 04901 9320052000 1 920052000 
Wi2 (G? CABLE ASSY PS TO DISPLAY 04901 S71142006 1 S71142006 
Wis £G) CABLE ASS¢ PS TO CONTROL 04991 S7II44o00c 1 Ss7114400C 
iy 4 CGRovGHSLEVASSe) Po eoCONTROL #2 Q4901 Sy rr4sqaac 1 Syv11450nC 
Wes {<G) CAELE ASSY PS TO INPUT 0490) STIIs3G0C 1 SF114s0q0c 
W2 (Gs CABLE ASS PS TO INTERFACE 04901 S747 uae ry STMT AOC 
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Section VI 6-2. Replaceable Parts (Continued) 

Parts List 

04223400E OPCODE: O REY: G* €G) PVA CONTROL 

MOOEL: 4200 

REFERENCE FED. MANUFACTURER BEC 
DESIGNATOR DESCRIPTION CODE PART NUMBER QTY PART NUMBER 
BT) CELL LITHIUM 3¥ 54473 BR2325-1HB 1 556007000 
Git CAP MICA 430pF 12 SOS 14655 CDISFDS31F 0S 1 2000379090 
c2 CAP MICA 100pF 5% SooY 14655 CMOSFD101V03 1 200001000 
c3 CAP TANT 1SuF 10% 20¥ 56289 196D0156X9020KAI 1 283227000 
C4-7 CAP EL JQuF 20% 25¥ $4217 SM-25-¥B-10-M 4 283336000 
CR1I-2 DIODE SIG 1N914 01295 1N914 2 530058900 
IC1 IC 7404 HEX INVERTER 01295 SN7404N 1 534042000 
1c2 RES NETWORK 4.7K 22 1.8 01121 3168472 1 345020000 
Ic3 IC ZS80-CPU-PS 56708 2Z80-CPU-PS 1 3534159000 
Ic4 IC 74LS42 4-10 DECODER 01295 SN74LS42N 1 534210000 
Ics IC MSMS128-20-RS RAM 2K X 8 52464 MSMS128-20-RS 1 534304000 
Ic9 IC 4011 QUAD 2 INPUT HAND 02735 CD4011AE 1 334022000 
Tcis RES NETWORK 4.7K 2% 1.8 O112) 316B472 1 345020000 
Ici4 IC 74LS42 4-10 DECODER 01295 SNr4LS42N 1 5342130900 
icis IC 74LS32 QUAD 2 INPUT OR 01295 SN74LS32N 1 534163000 
1016 IC 825SAPC PERIPH INTERFACE 34335 AMB8255APC 1 534171000 
Ici? RES NETWORK 4.7K 2% 1,8 O32! 316B472 1 345020000 
rcis IC 8279-2 KEYBD/DISP INTERFACE 33297 uPDS279C-2 1 534211000 
JB CONNECTOR 2 PIN STRAIGHT 27264 22-03-2021 1 477361000 
JA CONNECTOR 2 PIN STRAIGHT 27264 22-03-2021 1 477361000 
J1-2 SOCKET IC 16 PIN 06776 ICN-163-S3-G 2 473042000 
Js CONNECTOR 2 PIN STRAIGHT 27264 22-03-2021 1 477361000 
LI INDUCTOR 1t5uH 102 24226 1O0MNIS2K 1 #4#00373000 
PB SHUNT 2 CIRCUIT 27264 15-33-1024 1 483253000 
PA SHUNT -2 CIRCUIT 27264 15-38-1024 1 483253000 
Pat SHUNT S CIRCUIT 32575 435704-3 1 483226000 
P2 €G>) CONNECTOR 3S PIN RT ANG NOD 04901 47733300A 1 47733390A 
P3 (G2 CONNECTOR 5S PIN RT ANG NOD 04901 477332008 1 477322008 
P4 (G) CONNECTOR 6 PIN RT ANG MOD 04901 47733190A 1 47733100A 
PS SHUNT 2 CIRCUIT 27264 15-38-1924 1 483253000 
Qi TRANS HPN 2N3904 04713 2N3904 1 529071900 
R1 RES MF 332 OHM 1% 174 19701 SOG43ED332R0F 1 341250000 
R2-3 RES MF 10.0K 1% 174W 19701 SO4¢3ED10KO0F 2 341400000 
R4-5 RES MF 5.11K 1% 174u 19701 SO43ED5K110F 2 341368000 
R6 RES MF 100 OHM 12 i/74W 19701 SO04SED100R0F 1 341200000 
R7 RES MF 10.0K 4% 174 19701 SO43ED10K00F 1 341400000 
R8 RES MF S.1I1K #% 174 19701 SO43SEDSK110F 1 341368000 
R9-11 RES MF 4.75K 1% 174U 19701 SO43ED4K750F 3 341365000 
$1 SWITCH ROCKER SPST DIP g1073 7683808 1 465225000 
XICZ SOCKET IC 40 PIN 06776 ICN-406-S4-TG 1 473052000 
x1C6-3 SOCKET IC 24 PIN 6775 ICN-245-S4-G 3 473043000 
MIC16 SOCKET IC 40 PIN 06776 ICN-405-S4-TG 1 473052000 
XIC18 SOCKET IC 40 PIN 06776 ICN-406-S4-TG 1 473052000 
XSI SOCKET IC 16 PIN 06776 ICN-163-S3-G 1 473042000 
042362018 OPCODE: 0 REY: D—- UNIQUE CONFIG PARTS 4200 

MODEL: 4200 

REFERENCE FED. |§ MANUFACTURER BEC 
DESIGNATOR DESCRIPTION CODE PART NUMBER QTY PART NUMBER 
1C6AS IC EPROM PROG. 3658G 4200 04901 53436500H 1 33436500H 
IC7AS IC EPROM PROG. 3148G 4200 04901 53431400H 1 53431400H 
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6-2. Replaceable Parts (Continued) Section VI 
Parts List 

04235200C OPCODE: O REY: Cx CG) PUR DISPLAY 
MODEL: 42090 
REFERENCE FED. | MANUFACTURER BEC 
DESIGNATOR DESCRIPTION CODE PART NUMBER QTY PART NUMBER 
c3-4 CAP EL 10uF 20% 25¥ $4217 SM-25-YB-10-M 2 283336000 
GRi=13 LED RED DIFF S0S2-4684 28480 HLMP-J301 13° 536924000 
Ic} Ic 74C48 B8CD 7 SEG DECODER 27014 MM?74C48N t 334214000 
1c2 IC 4051B 8 CHAN MULT/DEMULTPL 02735 CD40S1BE 1 534139000 
Ic3 IC 4049A HEX BUFF 02735 CO4¢049RE 1 334172900 
1c4 RES NETWORK 109 OHM 2% 1.8 O1ie2 3166101 1 345021000 
Ics RES NETWORK 4.7K 24% 1.8 O1121 3168472 tT 3450200090 
1C6 DISPLAY NUMERIC 3082-7653 28480 S$082-7653 1 35356809000 
Ic? IC 8863 ORIVER 27014 DS8863N 1 3342150090 
Ics-11 DISPLAY NUMERIC $082-7653 28480 S$082-7653 4 536809000 
J1 SOCKET IC 16 PIN G6776" ICN-163-$3-G 1 473042000 
mt METER MARKED MODTEC 900-700-098 1 55423500A 
PI CONNECTOR 6 PIN STRAIGHT POLAR 27264 22-04-2061 1 477327000 
P2 HEACER 2 PIN RT ANGLE 06382 HFASTON-2-C 1 477367000 
Q1 TRANS NPN 2N5088 BLUE 04712 2HN50Eee 1 5280470090 
R4 RES MF 9.09K 1% 1/4 19701 SO043ED9KO90F 1 341392N00 
RS RES MF 98.8¢°K 14 174U 19701 SO043ED8K87 OF 1 341591000 
R6 RES MF 15.9K 14 174M 19701 SO43ED1ISKOOF 1 3414179000 
R7 RES MF 4.75K 14 1-40 19701 SO43ED4K750F 1 341365000 
Sita SWITCH PUSHBUTTON SPST 31918 210272 26 465230000 
XIC6 SOCKET IC 14 PIN 06776 ICN-143-S3-G 1 473019000 
KLES=1'1 SOCKET IC 14 PIN 06776 ICN-143-S3-G 4 473019000 
04223001B OPCODE: O<sREV. 2G. (G) PWAINPUT AND PWAINPUT -03 OPT 
042230028 
MODEL: 4200 
REFERENCE FED. MANUFACTURER BEC 
DESIGNATOR DESCRIPTION CODE PART NUMBER QTY PART NUMBER 
ARI IC 301A OP AMP 27014 LM3OTAN 1 535012000 
AR2 IC 311N OP AMP COMPARATOR 27914 LM3STIN 1 535034009 
ARS IC 301A OP AMP 27014% LMSOIAN 1 335012000 
AR4 IC 3140 OP AMP 02735 CA3140AE 1 535050000 
ARS-6 €&> IC 3568 OP AMP SELECTED 04901 535062000 2 3535062000 
AR? €G> IC SELECTED LF356 OPAMP 04901 535079000 T ©S35079008 
AR8-9 IC 3140 OP AMP 02735 CA3Z140AE 2 535050000 
C1 CAP CER 33pF S% 1000¥ 36289 190TCC-Q33 1 224139000 
C2 CAP EL 10uF 20% 25¥ S421 ¢ SSN=25-V8-1 0=-M 1 2933336000 
oy CAP CER 33pF 5% 10004 56289 10TCC-a@33 1 224139000 
C4 CAP) PE O.01uF 104 SRY 56289 192P1039R8 1 234092000 
CS CaP CER 150pF 10% 600V 16546 CE-151 1 224314000 
C&-7 CAP CER 33pF SX 10004 $6289 10TCC-aQ33 2 224139000 
c3 CAP CER 1000pF 10% 600V 16546 CE-102 1 224310000 
cs CAP MICA 1500pF 14 500 14655 CO1I9FO152F 1 20053519800 
Ci2 CAP CER 0.01uF 1900¥ 33383 BT ZSU 1 224119000 
C13 CAP CER 68pF 10% 600¥ 16546 DTZ-68 1 224312000 
Ci4 CAP PE 0.01uF 10% 80¥ 56289 192P1039R8 1 234092000 
Cus CAP CER 0.01uF 100V 33883 68T 25U 1 224119000 
Cis CAP CER 68pF 104% 600V 16546 DT2-68 1 224312000 
Car CAP CER 2200pF 10% 250V 16546 CF-222 1 224309900 
c19 CAP PE 0.01uF 10% 80¥ 56289 - 192P1039R8 1 234092000 
C193 CAP CER 330pF 10% 600Y 16546 C&=331 1 224313000 
c20 CAP PP 0.1uF 10% 100¥ 277305 -PP.&-.1-10-100 1 234148000 
C22 CAP PP O.1uF 10% 100¥ 27735 PP11-.1-10-100 1 234148000 
C23 CAP CER 33pF S% 1000V S$6289 10TCC-Q23 1 224139000 
c25 CAP CER 33pF 35% 1000¥ 56289 10TCC-Q33 1 224139000 
C26 CAP CER 1000pF 10% 600¥ 16546 CE-102 1 224310000 
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04223001B OPCODE: 
04223002B 


MODEL: 4200 


0 REV: C*  (G) 


PWA INPUT AND PWA INPUT -03 OPT 


6-2. Replaceable Parts (Continued) 


MANUFACTURER 
PART HUMBER 
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REFERENCE 

DESIGNATOR DESCRIPTION 

C27-34 CAP EL 10uF 20% 25¥ 

C35 CAP CER 150pF 10% 600¥ 

C36 CAP EL 100uF 20% 25¥ 

C37 CAP CER 1000pF 10% 600V 

IC1 IC 8255APC PERIPH INTERFACE 
Ic2 Ic S6S D/A CONVERTER 12 BIT 
Ic3 IC 40538 TRPL DECDR/DEMULTPAR 
Ics Ic 4047A MULTIVI8B CRCA ONLY? 
Ic& IC 40518 MULTIPLEXER RCA OHLY 
rc7-3 Ic 40138 DUAL FLIP FLOP 

PG S10 CG> IC 40168 QUAD SWITCH 
1c11 IC 4075B TRPL 2 INPUT OR 
PGS = eS IC 40516 MULTIPLEXER RCA OHLY 
Pe €G> CONNECTOR 6 PIH RT ANG MOD 
RI RES VAR 100 OHM 1024 0.5U 

R2 RES MF 2.67K 124 174U 

RS RES MF 1.00K 1a 174U 

R4 RES MF 100 OHM 14 174 

RS RES MF 10.0K t4% 174 

R6 RES MF 35.11K 14 174 

R7 RES MF 10.0K 14 174W 

RB RES MF 8.25K 12 174 

RO RES MF 10.90K 1% 174 

R10 RES COMP 3.0M Sa 1/4W 

Ril RES YAR SOK 104 0.5 

Ri2=ts RES MF 1.00M 14 174 

R14 RES MF 237K 14 1474 

R15 RES MF 249K 14 174 

R16 RES MF 12.1K 14 1274 

R17 RES MF 806K 1% 1/74WU 

Rile=19 RES COMP 12M 52 1/74 

R20 RES MF 1.82K 14 1474 

R21 RES MF 20.0K 1% 174 

R22 RES MF 221K 12% 174W 

R23 RES MF 1.00M 14 174 

R25 RES MF 1.900M 1% 174W 

R26-28 RES MF 100K 1% 174 

R30 RES MF 100K 1% 174W 

R32 RES MF 9.09K 14 174 

R34 RES MF 10.0K 14 174 

R35 RES MF S.VIK Ta 174U 

R36 RES VAR 10K 10% 0.5 

R37 RES MF 3.92K 14 1740 

R38 RES MF 7.87K 14 174 

R39 RES MF 80.6K 14 174 

R40 RES MF 806K 1% 124W 

R42 RES MF 7.S50K 14 174 

R44 RES VAR 200K 10% 0.SwW 

R45 RES VAR 10K 104% 0.5W 

R47 RES MF 3.92K 14 174U 

R48 RES MF 909K 12 174U. 

R49-52 RES MF 47.5K 14 174W 

RS3 RES MF 100K 14° 174 

R34 RES MF 200K 14 1/74U 

RSS RES VAR 10K 104% 0.5 

Foulay THERMISTOR 30 OHM 10% 

x14 SOCKET 1C 161 PIN 

XAR4-7 SOCKET hG@sSs PUN 

XICI SOCKET IC 40 PIN 

X1C2 SOCKET IC 24 PIN 

XIC6& SOCKET IC 16 PIN 

XIC9-10 SOCKET IC 14 PIN 
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04901 
73138 
19701 
19701 
19701 
19701 
19701 
19701 
19701 
19701 
01121 
73138 
14674 
19701 
19701 
19701 
19701 
01121 
19701 
19701 
19701 
14674 
14674 
19701 
19701 
19701 
19701 
19701 
73138 
19701 
19701 
19701 
19701 
19701 
73138 
73138 
19701 
19701 
19701 
19701 
19701 
73138 
00241 
o67r76 
06776 
06776 
06776 
06776 
06776 


SM-25-VB-10-M 
CE-151 


SM—25-VE=1 00= 


CE-102 
AMB255APC 
ADS6SAUD 
MC14053BCP 
CD4047AE 
CD4051B8E 
CDO4N13BE 
CO4016BE 
CD4075BE 
CDO40518E 
477331008 
72PR100 
SO4ZED2K67 OF 
SO4ZEDIKOOOF 
SO4¢3ED1DOROF 
5043ED10K00F 
5043ED5K110F 
SD043ED10KO00F 
SO04ZEDEK2Z50F 
5043ED1 0K OOF 
CB83055 
F2PR50K 
SO4ZEDINOOOF 
SO43ED237K0F 
SO43ED249K0F 
5043ED12K1 0F 
SO43EDS806K0F 
CB1265 
S043ED1K820F 
SO43EDZ20K00F 
SO43ED221K0F 
5043ED1M0O00F 
SO043ED1MN9000F 
5043ED190K0F 
SO43ED1 OOK OF 
SO43ED9K090F 
5043E010K00F 
SO043E05K110F 
72PRIOK 
SO43ED3K920F 
SO4¢ZJED7KS87 OF 
SO¢Z3EDSOK60F 
5S043E0806K0F 
SO43ED7KSOO0F 
7T2PR200K 
72PR10K 
SO04SED3KS920F 
SO43EDS09K OF 
SO43ED47KS0F 
SO43ED100KOF 
5S04¢ZTE02Z00K0F 
72PR10K 
Le1SvI-n 
ICN-063-S3TG 
ICN-083-S3-G 
ICN-406-S4-TG 
ICN-246-S4-G 
ICN-163-S23-G 
ICN-143-S3-G 


Ns —— fp — 


BEC 
PART NUMBER 


233336000 
224314000 
283334000 
224310000 
534171000 
421024000 
534207000 
534229000 
534209000 
534205000 
534213000 
534206000 
534209000 
47733100A 
311408000 
341341000 
341300000 
341200000 
3414090000 
341368000 
341400000 
341388000 
341400000 
343646000 
3112393000 
341600000 
341536000 
341532000 
341408000 
341587000 
343708000 
341325000 
341429000 
341533000 
341600000 
341600000 
341500000 
341500000 
341392000 
341400000 
341368000 
311328000 
341357000 
341386000 
341487000 
3415287000 
341384000 
311401000 
311328000 
341357000 
341592000 
341465000 
341500000 
341529000 
3113528000 
325007000 
473054000 
473041000 
473052000 
473043000 
473042000 
473019000 


6-2. Replaceable Parts (Continued) 


042361000 OPCODE: 0 REY: AA CG) INPUT REST. NETWORK ASS? 

MODEL: 4200 

REF ERENCE FED. MANUFACTURER 

DESIGNATOR DESCRIPTION CODE PART NUMBER aTy 
R29 RES MNF 110K 1% 173 1970} S063JUD110KO0F ; 
R31 RES MF 110K 1% 1/3U 19701 5063UD110KO0F 1 
R33 RES MF 2.10K 1% 1/3W 19701 5063JD2K100F 1 
04222502A OPCODE: 0 REY: A* CHOPPER MODULE 

MODEL: 4200 

REFERENCE FED. MANUFACTURER 

DESIGNATOR DESCRIPTION CODE PART NUMBER QTY 
a4 PWA CHOPPER DUROID 04901 04216102A 1 
042161902A OPCODE: 0 REY: A*  PWA CHOPPER DUROID 

MODEL: COMNON 

REFERENCE FED. MANUFACTURER 

DESIGNATOR DESCRIPTION CODE PART NUMBER QTY 
c1-2 CAP PP 0.1uF 10% 100¥ 27735 PP11-.1-10-100 2 
IC1 CG) IC SELECTED QUAD SWITCH 04901 534223000 1 
Pt TERMINAL .040 OO .270 LG .062M 98291 229-1071-230 1 
P2/1-2¢2 CONNECTOR PIN 71279 460-1521-02-03-00 2 
R3 RES MF 51.1K 1% 174 19701 S043EDS1K1OF 1 
R4-5 RES VAR 25K 10% 0.Su 73138 72PR25K =) 
R6 RES MF S1.1K 3% 174 19701 SO43E051K10F ‘ 
XICI SOCKET IC 14 PIN 91506 714AG1D 1 
042360000 OPCODE: 0 REV: A* ¢G) CALIBRATOR ASSY 4200 

MODEL: 4200 

REFERENCE FED. | MANUFACTURER 

DESIGNATOR DESCRIPTION CODE PART NUMBER aty 
a3sc4) (G) PWA CALIBRATOR 04901 1 
C6 CAP FT 1000pF 20% 500Vv TUSONX 2499-003-X%5S0102M 1 
TT CONNECTOR HOUSING 27264 22-01-2021 1 
J2 CONNECTOR TYPE "HN" 249431 25JR109-3 1 


Section YI 
Parts List 


BEC 
PART NUMBER 


333504000 
338504000 
33833519000 


BEC 
PART NUMBER 


ee ee ee ee ee ee ee ae a ee 


04216102A 


BEC 
PART NUMBER 


234148000 
534223000 
510038000 
477400000 
341468000 
311490009 
3414680090 
473056000 


BEC 
PART NUMBER 


aww ee ew ew ewe em eee 


042227008 
227105000 
479415009 
479219000 


Section VI 
Parts List 


042227008 OPCODE: 0 REY: CC 


MODEL: 4290 


6-2. Replaceable Parts (Continued) 


€G> PWA CALIBRATOR 


REFERENCE FED. MANUFACTURER BEC 
DESIGNATOR DESCRIPTION CODE PART NUMBER QTY PART NUMBER 
AR! IC 301A OP AMP 27014 \LMSOTAN 1 535012000 
Ca CAP CER 470pF 10% S00V. 33833 TYPE JF 1 224219000 
c2 CAP MICA 100pF Sx% 3004 20307 DMS-FCI01J 1 205006009 
cs CaP EL 10uF 20% 25¥ $4217 SM-25-YB-10-N 1 283336000 
C4 CAP VAR CER 3.5-!8pF 2504 91295 3373 1 281011000 
cs CAP CER 1000pF 10% 600 16546 CE-1902 1 224310000 
C7 CAP EL 10uF 20% 25V $4217 SM-25-VB-10-M 1 282336000 
cs CAP CER 0.01uF 100V 33883 BT zZS5U 1 224119000 
c3 CAP MICA 3épF 5% 3004 14655 CDOSEC3604U 1 205003000 
C10 CAP MICA 200pF 5% 100V 14655 CDSFAZOIJ 1 205024900 
ci CAP MICA 10pF 5% 300¥ 14655 cCDSWCC1004U 1 205002000 
Ciz CAP VAR CER 3.5-18pF 2504 91293 9373 1 281011000 
CR1-2 DIODE HSCHIO001 ¢1!1N6263? 28480 HSCH-1001 2 530174000 
CRS DIODE MY-1650 04713 MY¥1650 1 530762000 
IC} IC ADSS81JH YOLT REF 51640 ADSS1JH 1 §35053000 
L} INDUCTOR 4.7uH 102% 24226 107471 1 400384000 
e2 INDUCTOR 0.56uH 10% 24226 10/560 1 400382000 
L3 INDUCTOR 0.03SuH 102 04901 400386000 1 400386000 
Gi TRANS NPN 2N3904 04713 2N3904 1 528071000 
RI RES MF 1.50K 1% 174M 19701 SO43SEDIKSOOF 1 - 341317000 
R2-3 RES MF 100K 1% 174 19701 SO4SED100K0F 2 341500000 
R4 RES VAR 1K 10% 0.5W 32997 3299X-1-102 1 311410000 
RS RES MF 100K 12% 1/74u 19701 SO4SEDIO0OKOF 1 341500000 
ep RES MF 2.43K 1% 174W 19701 RNSSD0-2431-F 1 343337000 
R3-3 RES MF 1.00K 1% 174 19701 ‘SO4SEDIKOOOF - 2 341300000 
R10 RES MF 10.0K 3% 174U 19701 SO4SED!0K00F 1 341400000 
R11 RES MF 5.11K 12% 174u 19701 SO43SEDSK110F 1 2341368000 
Riz RES MF 1.21K 1% 174W 19701 SO43SED1K210F 1 341308000 
R13 RES MF 1.30K 1% 174W 19701 SOQ4SEDIK300F 1 341311000 
R14 RES MF 75.0 OHM 1% 1/74U 19701 SO4SED7S5RO00F 1 341184000 
RIS RES MF 5O OHM 0.1% 174 64537 PME55-TO 1 325916000 
04223100C OPCODE: O REY: D#* €G>) PWA POWER SUPPLY 
MODEL: 4200 
REFERENCE FED. MANUFACTURER BEC 
DESIGNATOR DESCRIPTION CODE PART NUMBER agty PART NUMBER 
ats¢2) CG) HEAT SINK ASSEMBLY 04901 042232008 1 042232008 
ARI IC 339 QUAD COMPARATOR 27014 \LM339H 1 535018000 
c1i-2 CAP EL 2200uF -10%+50Z% 35V 57582 KSMM-2200-35: 2 293351000 
c3 CAP EL 4700uF -10%+50% 16Y $4217 SM-25-¥B-100-M 1 283352000 
c4 CAP EL 10uF 20% 25V $4217 SM-25-VB-10-M 1 283226000 
cS-6 CAP EL 100uF 20% 25V $4217 SM-25-VB-100-M 2 283334000 
C7 CAP EL 1000uF -10%+50X% 10V 56289 513010801 00G4 1 283329000 
cs CAP CER 3300pF 10% 100V 61637 CO52K332K1XSCA 1 224296000 
C9 CAP EL 100uF 20% 254 $4217 SM-25-VB-100-M 1 283334000 
CRI DIODE BRIOGE KBP-02 15281 KBPOZ 1 532013000 
CR2 DIODE BRIDGE ¥S$-248 6A 200 PI¥ 27777 YS~248 1 532914000 
CR3-6 DIODE SIG 1N4001 04713 1N4001 4 530151000 
1C1 Ic 78L05 VOLT REG 07263 uATSLOSAWC 1 535044000 
Icé IC 4013B DUAL FLIP FLOP 02735 CD4013BE 1 5342050900 
P1 HEADER 3 PIN STRAIGHT 06383 MPSS156-5-D 1 477345000 
P4-5 CONNECTOR 6 PIN STRAIGHT POLAR 27264 22-04-2061 2 477327000 
CONNECTOR 6 PIN STRAIGHT POLAR 27264 22-04-2061 4 477327000 


PigeEe 
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6-2. Replaceable Parts (Continued) 


Section VI 
Parts List 

04223100C OPCODE: OO REY: D# (CG) PWA POWER SUPPLY 
MODEL: 4200 
REFERENCE FED. MANUFACTURER BEC 
DESIGNATOR DESCRIPTION CODE PART NUMBER QTY PART NUMBER 
RI RES MF 10,.0K 1% 1¢4W 19701 SO43ED10KO0F 1 341400000 
R2 RES MF 4.99K 1% 174W 19701 SO4ZED4K990F 1 3412767000 
R3 RES MF 2.21K 1% 174 19703 SO43ED2K21 OF 1 341333000 
R4 RES MF 12.7K 1% 1¢4W 19701 S043ED12K70F 1 341410000 
RS RES VAR 500 OHM 10% 0.5u 73138 72PR500 1 311305000 
R6-8 RES MF 4.99K 12 t724U 19701 SO43ED4K990F 3 341367000 
R39 RES MF 1.00K 1% 17/4u 19701 SO43ED1IKO00F 1 341300000 
R10 RES MF 453 OHM 14 174U 19701 SO43ED453R0F 1 341263000 
R11 RES VAR 100 OHM 10% 0.S5u 73138 72PR1900 1 311408000 
R12 RES MF 464 OHM 14 124 19701 SOU43ED464R0F 1 341264009 
R13 RES MF 100K 1% 174U 19701 SO4S5ED100K0F 1 341500000 
R14 RES COMP 330 OHM Sx 1W 01121 GB3315 1 302087000 
R15 RES MF 5.11K 1% 174u 19701 SO43ED5K110F i 341368000 
R16 RES MF 2.21K 1% 174 19701 SO43ED2K21 OF 1 341333000 
R17 RES MF 2.80K 12 124U 19701 SO43SED2RS000F 1 341343000 
R1e RES MF S.11K 14 1274uU 1970T SO043EDSK110F 1 341368000 
R19 RES MF S1.1K 1% 1/740 19701 S043E051K10F 1 341468000 
0422320NE OPCODE: O REY 8D CG) HEAT SINK ASSEMBLY 
MOOCEL: 42909 
REFERENCE FED. MANUFACTURER BEC 
DESIGNATOR DESCRIPTION CODE PART NUMBER QTY PART NUMBER 
1c2 IC 78MGUIC YOLT REG POS 07263 uUuATSMGUIC 1 535042000 
Tes IC 7S9NGUIC YOLT REG NEG 07263 uA?INGUIC 1 535043000 
Ic4 IC 78GUIC VOLT REG 07263 uA?SGUIC 1 535055000 
Ics IC 79MGUIC YOLT REG NEG 07263 uUuAPSMGUIC 1 535043000 
465289098 OPCODE: 0 REY: AD CG) SWITCH CABLE UNIT 
MODEL: 4200 S 
RErERENCE FED. MANUFACTURER BEC 
DESIGNATOR DESCRIPTION CODE PART NUMBER QTY PART NUMBER 
Ss} SWITCH ROCKER DPDT 13812 572-2121-0103-010 1 465286000 
04235601A OPCODE: O REV: Cx €G) REAR PANEL UNIT 
MODEL: 4290-S16 
REFERENCE FED. MANUFACTURER BEC 
DESIGNATOR DESCRIPTION CODE PART NUMBER QTY PART NUMBER 
P? CONNECTOR LINE CORD 823389 EACI09 1 477281000 
S2 SWITCH DUAL SLIDE DPDT-DPDT 82389 47206LFR 1 465279000 
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Section VI 6-2. Replaceable Parts (Continued) 
Parts List 
O04235S501A OPCODE: 0 REY: B* €G> REAR PANEL ASSY 
MODEL: 4200-S16 
REFERENCE FED. MANUFACTURER BEC 
DESIGNATOR DESCRIPTION CODE PART NUMBER aTy PART NUMBER 
Fi FUSE 0.3 AMP 250V MDL 54426 MOL 0.3 1 545507000 
J10 CONNECTOR S CIRCUIT 06383 CelisSsrF24-S5-C 1 479394000 
J1S CONNECTOR PIN FEMALE 27264 0206-1231 1 479320000 
J20 CONN COAX BHC $4420 uUG-625/7U 1 473123000. 
T1 TRANSFORMER POWER 04901 44699100A 1 44699100A 
042317018 OPCODE: 4 REV: EC (G) PWA INTERFACE 4200-01A OPT 
MODEL: 4200 
REFERENCE FED. MANUFACTURER BEC 
DESIGHATOR DESCRIPTION CODE PART NUMBER QTY PART NUMBER 
Cl CAP TANT 1.0uF 10% 3Sv ONLY 36289 196D10SX903SHAI 1 233216000 
c2-3 CAP EL 10uF 20% 25¥ $4217 $SM-25-YB-10-M 2 283336000 
CRI DIODE SIG IN914 01295 IN914 1 530059900 
J} CONNECTOR 24 PIN (GPIB) 32575 2552250-1 1 479350000 
P2 €G) CONNECTOR 5 PIN RT ANG MOD 04901 47733300A 1 477333509A 
R} RES NETWORK 4.7K 22 1.8 01121 3168472 1 345020000 
$1 SWITCH SLIDE DIP SPST X 7 75378 206-7-LP 1 465390007A 
U1 IC EPORM PROG. 322BG 4200-01A 04901 $3432200H 1 53432200H 
U2 IC 74LS32 QUAD 2 INPUT OR 01295 SN74LSSenH 1 534168000 
U3 IC 74LS04 HEX INVERTER ‘ 01295 SN74LS04N 1 5334155000 
U4 IC 9914ANL IEEE BUS PROCESSOR 01295 TNS9S14ANL 1 534289000 
US IC 74LS373 GCTAL LATCH 01295 SNr4LS373N 1 3342357009 
Us IC 75160 IEEE BUS TRANSCEIVER 01295 SNV3160BN 1 534285000 
U7 Ic 75161 IEEE BUS TRANSCEIVER 01295 SNYS161BH 1 534287000 
xS3 SOCKET IC 8 PIN 91506 508s-aAG?7D 1 473053000 
KU! SOCKET IC 24 PIN 0s776 ICN-246-S4-G 1 473043000 
KUS SOCKET IC 490 PIN 06776 ICN-406-S4-TG 1 473052000 
KUS-7 SOCKET IC 20 PIN 06776 ICN-203-S3-G 3 473065000 
n42275909A OPCOCE; 4 REY: ES PUA ITHTERFACE 4200-018 OPT 
MODEL: 4299 
RES ERENCE EES HAHUFACTURER BE 
BESTGNATOR DESCRIPTION cOCe PART NUMEER ATY PART HUNSER 
re CONHECTOR 2 PIN STRAIGHT Er eat aoe Se 2 ce 1 a77=2H19L0 
zg SHUNT 2 CIRCUIT e7ze4 18-28-1024 1 4232559000 
e CONNECTOR 2 PIN STRAIGHT 27zé4. 22-05-202 1 477zerena 
Ci CAP MICA 47pF Se 300 2ozay7 DMS-ECaT ON 1 25918000 
ce CaP TANT PGuF 100 oo" 56289 1960108K90SPF&- 1 2832573000 
cz CAP CER O.1tuF 20% Sev o4222 eee ee 1 2242Egan0 
cs CAP EL 1QuF 20% 254 Stel vee oa som Ye =1 0=M 1 2esTseneo 
Be Carp C&R O.tuF 202 SOY 4222 SRI1S E1G4MAAa & 224268000 
J2 CAHHECTOR 24 PIN “GPIBs Seow oS ceo 1 479350000 
PI Cho CONHECTOR S PIN RT ANG MOD C4901 4rrssentK 1 47733309A 
RI RES MF O1.00N 12% 14M 14674 SOUSTEDINGOOF 1 S41e0nann 
Re sre MS Ons OHM Tay au 197 01 TOFSEDEORSOF 1 Z4y120000 
R3a-4 RES MF 4.7SK 2 174 1370) SOFSEDSK TF SOF 2 F412699000 
- RAs RES HETWGRK 4.7K 22 1,9W QO:12t fSisesr2 1 Zesoz0n00 
RAZ RES NETWORK 22K 2% 1. 7id oni2h) ¢eSEz2Zs 1 345044128 
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99190614C 
MODEL: 4200 


OPCODE: O REY: A* 


REFERENCE 
DESIGNATOR DESCRIPTION 


eee ee ee eee ee ee a a a a wr wr ew 


IC EPROM PROG 450AA 4200 
IC EPROM PROG 451AA 4200 


942230022 OPCODE: ODO REY: OF 


MODEL :4200 


REFERENCE 
DESIGNATOR DESCRIPTION 


Same as standard PWA Input P/N 04423002B 


PUA ITHTERF 


ADE 4290-016 DPT 


NAMHUFACTURER 
PART HUMBER 
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MANUFACTURER 
PART NUMBER 


S3445000A 
SS4+45100A 


PWA INPUT-03 OPT 


MANUFACTURER 
PART NUMBER 


QTy 


Section YI 
Parts List 
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53445200A 
S2é42501A 
Sz44O5000 
S3442500A 
SE442505A 


SS428S090 
SSS22E990 
SSe¢2e7009 
4ysoseoo0 
472019900 
4730419000 
6F2er Fagg 
47s0s2000 
47 oo44an9 
€725013000 
47SG440cg 
47ed6¢2000 
4750435000 
47205000 
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BEC 
PART NUMBER 
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534450008 
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BEC . 
PART HUMBER 
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Section VI 6-2. 
Parts List 

042352002A OrPCOVE?; 6 Keviau= 
MODEL: 4209 

REFERENCE 


DESIGHATOR DESCRIPTION 


€40192 CAP AND CHAIN 

€402 CABLE CLIP 1-8" 

€403) CABLE CLAMP 1/4” 

6404) SCREW 4-40 X 174 BH SS SEMS 
£405) NUT HEX 53-27 X% 3°32 X 374 
€405) WASHER LOCK S/S INT 

¢407 €G) CONNECTOR ASSY FEMALE 
£409) PLATE CONN UNIT 

€403) PLUG BUTTON S/8"- 

€410) CABLE INPUT 

(411) SHIELD 

99100624C OPCODE: 0 REY: B* 
MODEL: 4200 

REFERENCE 


DESIGNATOR DESCRIPTION 


ICSAS IC EPROM PROG 427AA 4200 
IC7AS IC EPROM PROG 428AA 4200 
U8ALZS IC EPROM PROG 429AAQ 4200 
U14A23 IC 82054 TIMER 
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Replaceable Parts (Continued) 


REAR INPUT 4200-04 OPT 


MANUFACTURER 
PART HUMBER 


80-7rS-CCCi 
HUC-2 
HUC—4 


41-16 
1229-02 
09214101C 
r20Sssd0r 
65 
S7riisvo00 
@1211900C 


4200-01B-06 OPT 


MANUFACTURER 
PART NUMBER 


S3442700A 
53442800A 
533442900A 
CP82C54 


Oe ed 


BEC 
PART NUMBER 


477155000 
@10999000 
10100000 
A es ae 

45270000 
343038000 
09214101C 
reogsssaor 
755107000 
srlisraao 
81211900C 


BEC 
PART NUMBER 


533442700A 
53442800A 
33442900A 
53441000A 


SECTION Vil 
SCHEMATIC DIAGRAMS 


Schematic Diagrams 


7-1 Main, Frame Al. Schematic Dinsranv S414) Gelb lap ee eet 2 te ome Pets sR: 
7-2 Display Board AZ, Schematic Diagramiya yet: eae, teat tt & ig te 2 
7-3 Power Reference Board A3. Schematic Diagram «2... 6 ee ee 
7-4 ‘Chopper Board A+. Schematic Diagram 2... 1 ee ee eee eee 
7 Control Board A5. Schematic Diagram Sheet | lotto et ayes ee ee 
7-5 Control Board A5, Schematic Diagrany Sheet) 2 002) oe paiew. . peters). ss. 
7-6 Input Module Board A6. Schematic Diagram (Sheet fof 2)... 22.5... eee 
7-6 Input Module Board A6, Schematic Diagram (Sheet 20f 2) 2.2.2 ee ee eee 
7-7 Power Supply Board A7. Schematic Diagram... 2.2222 oe ee ee ee ee ee 
7-8 Opriéns. Schematic, Diernim: .f. 2 aoa. b)- 5 - = ce ewega 2 ine de ee 


Section VII 
Schematic Diagrams 


p-LIt-L 


wiesdriq sNtwaYyas “| y awesy Uc [-L andi 


; arzzrega 
avy it ov Tizied 9v (IZHIZrpIM «IM (ON SITSIM ” (sI)LdL¥ 
a 
a 
= 
orn 
orn 
e 
£ 
Y. 
ls 
c 
IN 
by 
wn 
¥ bo} 
: > =a 
z 2 
ma2az03 toz)ozrsim SIM ISISICGIM L6nsd LY 
pz3e88e 2 
Se CRE 3 
39783" s 
AReeSD » : “sowmmuvn WwNuaLx9 $310N30 [__]} ‘I s 
=e09 s 7SBLON g 
ete 2 
pm<h2s 
Seb Roz 3 
aBe5e9 32 
nym 33 
SCREaS 2 
TRoGam ed 
asSm> 
Sugl 


Oa ea E PT TO 


ten) A wih telleit rie 


>_< 


(eryerrcim CIM LEN CI eras 


< 


(oi) ed LU 
£ 


en édlv 


(6hlod SV 
£ 


touze Sv 


{ 3AVH, 
tee 


Ts 


oe T24/"18 


@ 
Aqgans 
YaMOd 
ov 


(ezdersy 


1 
iH 
it 
\ 
Y 
i 
it 
it 
1 
i 
Ui 


AHM/NRD 


£ : { 

2 | f 

> 

a t 4 

w a 

ee 1 

89d 32vsu3INI y_______¢ { 

s few OL TED IEr 12m 12M 162)GSF IZM” “4 G2)OId Av ; wN7EaE | [over02'] 
€ 

7 

2 ouawwaHas aves [[ zs | [ozo] 
= NIG SNO1dO > ne PLLYSL) 

8 NO @Dd Anal foDOTFOZM OM IBzZezrOZM 2) ‘ed 2v ¢ { 


gr OL fontday lonoirolm AL 


(zzperev 


Sow ce ete ce cele se cece s semen sreeee sl pom 
* 0026 NI 035M LON | Erm 786 ey 
9 5 | 1 HAs 
4 aNnvd 6"D'6 ao" | ! 15 
Ex inoys vouwuelw2 as-————_—“* Av79510 }——————_—_—_—_—_—¢ 1 } 
: OL tv (szhir GIMEV. (9zI2d2V ty Tanair zim 2M (zieirZim (zi) Sd Lv 1 j 
: 1 | 
F iptig aelStunelale om bye ie ® 0 04h 60. ¢ 6.0160 0.0/6 318 ; ! 
) V3Nvd Re ‘ au 
| snows ELIE 4 
ah el a IS SWVUs NIVW IV k 
‘ } 
+ 
' 
suBIsBIC] DBWAYIS i 


IIA vop29g : 


9-LIS-L 


wieistig sntwMayrs ‘TY Pseog Acidsiq 7-L anti 


ariziees 


r. eoes 
“ANWO BRIWBE OOTHHO GISNS, BL 
>t Sth Cid Ow 


iQ35N SUIONNW 15V9 “DO 
eee 

“41ND SBWIE OOTE WO FEN © «7 
ove 


“Soumove Wwau3u0? C) > ySlzleso 
‘O3ssIDads BWSimUIHLO SSIINN 1Oct-ortH FAL BO GI C077 VE 
“g31sidaes BSiMWTHIO EGFIWN EWHO MI DIVWA ZINWASIESM 'E 
“@3141D308 BEIMUTHLO BEIVAN £© NI EDNIWA DONW LOVETT 
18210" 


140 time q 140 : fe) a 
= 1 eae aztice i yea) . 
a 1 t t ¥ G (hy) D1avNBHIC Jews HO DAVNIHOE Javed NO iar 
aac zr Giacty Gzitidsmiy 
f h Gy S229KNOD 04 &129NNOD O41 SL23NNOD ae 
(ort tune (zzper yc! 
s ft . a eseees weer 
Lbeaae 
pat y 
id ost osH 
————— a 


{eee seas 1048 ois 6s 


alelealolels 


825 Les { as fd {ss cs 
ic} @) B Ce) 
gous} gael] yas} fas 


“INO SBIWIS COZ NO OBSN SS “I 
310N 


W 2 av6v0rG2 
esol 


z re 1 z 
7 ‘ 1 - 
= ‘ 
D| Mrvwt-ose 6 y 
y so tT ¢ 
7 [or y 
r) [" 
t 57) () 


ce in iz ta je lorie 

co MOD ek 8 ween ret Yat ba nD 
Fprino> tel 10> 

c691~ 2005 an | 5691-2005 

eo! 


£59. - 2008 
62! 


C69i~ Te0k 
wu Hed ort 


Ouvog'd4 avids!i0 e2v 


SWIEISBIG] IBWAYS 
ITA YOR3ag 


ee 


wrariq aunwayas 
“yy purog aruasajay samog  f-L aunt 


vizztresa 
su 

:g35N LON SHBZBWNN CS 
siu 2d 


:aasn SY38NNN LSVT ‘y 


130 14S “sonimuyw wwu3ix3 [____]f 


(L216 . 5 
siivnanoe arvud NO ATE SWHO NI SanivA ZONWLSIS3Y = 2 
(9Z)2d 2 (sz) ir ‘G31g103dS 3ISIMH3HLO 

OL S1LD3NNO9 SS2INN ‘3¢ NI S3M1VA BONVLIDVdVD 

(seyir Lae :S310N = 

L e 

= 000! = 

Paneer oS SSS 3 veizireea 


2u 
‘ag‘Od YOLVYEINVD FV 


br ae | 
| ree, zu ! iy se ¥ | | 
= 
| x2 Hriasav | ql = = 
| | Sr ta te 3 
ro — 
| : : z a S 
‘ T 1001-HOSH = > 
| are = Tb) | : > : 
cE) 0 = 
ASZ ob | 
GL 4”ol | | o 
| | vie £2 eas lg 
| | A - el sf vet am | | 
| ai-s° L i A ine ic? i ¢ WOO! | is 
SOL vOGENZ eu l te 
10 eT) 9 
| me ee [ E/N | 
s = NSIS ‘ | fe 
Hm ay BI-S'E ert oly | | 
| y oe) 29 19 A || 
J001- HOSH pyZ #008 | 
| 


| 
if 


SWIBISBIC] JJBWIYIS 
ITA ¥oOnseS 


Ol-L/6-L 


witsirig sways “py Pirog JaddoyD = p-f aandiy ° 


“SYOSN3S 38-O1z2> ONY 
3L-O1Z> HLIM AINO G3SN Bu'zy S3Y *B 


*ANO SS-326 NO G3SN @ Lares 
eee ® 


L340 ¢ LHS QIlz2i¢gsa zu‘ 


"0B'Dd YSddOHD'OILVWAHOS 


AG+t 


ra 


dWV OL 


€ 30 1 LHS 
o1iies AS- 
DILVW3HOS 3NVHA NO 
er ev 
anv 
6soice 
DILVN3HIS 
3Wvu4s NOlLdO NO 
ie sv 
ONv 


230 1 “LHS 8 310N 


(2z1e8 
DILVABHIS 3WYus NO 
Irsv 
OL SLOBNNOD 
\d 


dWV OL 


SUIBIZBIC] JBWIaYIS 
ILA “oRs9S 


eu 
:03SN SUSBWAN 1SV1°S 


xs 
ou 


1d) 


€ 3L0N 33S 


arzeresa 


“ONINUWA WNYBLX3 Ci) “+ 


:03SN LON SY3ENNN 'S "AMLINDUID "OB “D‘d JO LYVd SI BONVLIOVdYD “€ 


“3NIVA a31939735 Bz 
“SNHO NI S3NIWA ZONVLSIS3E “I 


e| © e@ @ @ 
QzEzsNie 


zud oe 
eeee 


3710 
zo 


eoecee 
BZEZSNie 

ud oe 
° e@eees? 


Ph) 
19 


‘08 “O'd YSddOHD Vv 


:S310N 


LH 


o3u 


psroreed 


“RINGO 38-012 
ON 22-O012~ HLIM G3SN BY ONV ZY ‘2% t 


‘INO $S-3Z6 NO G3SN 2yd ONV 18D 1 
BLON 


OSvOIes 


2 ZLON 335 


I13L0N 3535 


fe 
: 


TIML/TI-L ; 


(Z JO | 12aYS) Wrsdtiq anewayssg 
‘CY pivog joluoD ¢-/ andy : 


640 9 “LHS DIL2iEed dae . 
na" . ' ‘ 
08'Od TOULNOD'SILVW3HOS Slivualos: Saves NO) 


(61) 61 CIMT Ge 
OL SL9BNNOD 


(61) ed Fs 
oN ; 
13s3u & 
AGI+ 
r) 
inn £2 ; 
LH + 
ive 07 , ! 
(el)ed 


A2S*+ 


gI’sh* hie! 


ig 
—) po] sv] oo] ol) © 
xj=[ofo 
bk 
z 
a 


630 1 LHS 
izle 
DILVW3HIS 3NVYs NO 
(SZ) vid LIMIV 
OL SLIBNNOD 


(gaer 
st £ 
43834 ONS 


$I z 
: planta ea 8] gc, 
a 4 
is NL ve-€- 868 
Lio! 
‘91 NYHL 6 
nee 4ed 
Sea See Se Se Se 
Sea ae Se 
eC Bare, oe eee 
&d LS 
enaee [4 en, 
> 
ted A a af) 
= Ce ee ed ‘eg 
oad Se fo ee ee ea ns 
2 1 
Sad: [=- We moe 7} $34 
9$10 undnt € ae 20g 
€ a a ee ee eee lara lly 
poate Bea oC a ee ote 
5 
wn #01 < : al — CS 
we ; Be QRS 
S Nid ‘919! Ov A 
® @ IINid “S191 EEN = oag =A 
9 : $5 
ele Mia) (se) 0 OL =] ON * toe sszenv 
6) @) SENId(b2) Id OL 7) Me G4S/71N9 Fe 913! 
LZNId‘(bZ) id OL t w13 LJiHs jee 
3 UGCA N al Bee ae ng 
Op Og | $2 
2 eer its 
te} \n 'o lia 
Ins hie Ins fas 
+ i eee C | 
oe 5 ee 08 : 
O55 Gr $-D6L2808" @) | 
25 ze], er Tey| MD 
8 ez|° owes aT 
‘a5 eae ' tear tore 
ry Lal) 88a 8a 
Bec ae ey ee) a ee 
Ba A Sa! ME] 4 CEE vol 
ra fy eq ¥0 
eeritil Re esses (ha oe 
WET Ea aa 2 Sey s fore 
ete oot one ae 
ony Or leq ‘a 
vi ae as, at 
1no Ov >= EFF no Oy Opal- 9 = 


4 


pe & & & 12 al 


(ezer 
sWeIsBIC] INBUIAYIS 


IIA UORIS 


9ZNid CDE INId’6 JI OL 
AGI+ 

SZNid (weld OL 

BI Nid’ Ct OL 


eager eeeennes CY CP NIG OL 
uty 
ein ae aaa 6y'GENid OL 


By'BENid OL 


fy ‘ZENid OL 
SySENid OL Leo, 
Sy"SENId OL 
vy’ bENid OL 
Ey'cenid OL 
Zy"ZENid OL 
Vy tenia aL 
Oy‘og Nid OL 


NvOblns 
lte}) 


5 HS3Y OZ NId*fD! 


OSYN vENid(pZ)id OL 
ZINId’ pO! OL 


Oy te Nid’ EDI OL 


YO! OZ Nid’ S35! OL 


UM 22 Nid’ £31 OL 


Oo’ (bz) 1d BLNId' It OL 


hae ot! 
Sraeats:, e 
a{one siamo 
»NZvSTPLNS 95 Py'vZ)id @PENId CDI OL 
s vi9t 1 £1 . 
=|! Cape Ev'(pz) ld BEE Nid EI) OL 
O) As 7 Zy(pzid BZE Nid’! OL 
IENid C91 OL 
si Iw'(p2)Id OL acz 
Oy%bzid or OF 
6 19% 
5 Lo'eZz)id OL 
ri S02) 1d B ONId It OL 
= Sq'(pzpid OL 
; Pa'(bzid @ INId’ Ih OL 
m fg'(bzid @ZNid' IP OL 
: 2o'bz) id BS Nid If OL 
- ‘O'tp2iide BNid* Ir OL 
‘ 


9 4S 
Orzeresa 


zai" 1191 O1DI* St 
103SN JON SUBGWNN *S 


1nlOd LSaL ‘© ‘v 


Wy BIdl 22 
“O3SN SUBBWAN LsV) “€ 
“SONINMYN TWNHBLXE Co) 2% 
“Q31g1D3dS 3SIMYIHLO SSIINN 
‘a” NI SBNIWA Z3ONVLIOVdYD “I 


'S3LON 
OL 
oo? NV 
op? Me 
ie? -Oue 
Onvso 
BES aysD 
o27 wwe 
ae? 2s 
(v2)id 
ay O/N 
a 7 Nn 
WOd 
A2'S* 
A@G+ 
(Bi)%d 
AaGSe 
240 1 ‘LHS 
12z1E8 
DILVN3HDS BWVHs NO 
(BI BIF CLA TY 
O04 $129aNNOD 
(aled 


QuVvOe “O'd TOULNOD SV 


sere 


tonne 


a6s6zresa 


} 
\ 


(Z Jo ZT 1284S) weidrig dEWoYyIS 
‘cy pacog jojuoD ¢-/ aindty 


240 °S‘LHS Gilzicay 
“O8°D'd WOHLNOD*IILVNSHIS 


Imvus SKONLAO NO 


D1AYN3NOS Jrves KO 


6161s F131 Os ——y 


im! Se et oL 


ee 
FET Ewe" 3138 On 


" SNE TEI ted OL BACIE 
co SE MIA"9IDI OL 


ETE Nis wtdt On 


SWIBISBIC] D1) BLaYSS 
IFA UORIIS 


md)" 6D" OID Ge 
*O3th 10M SYIErNN “e 


AuBwOsMOD O21997RS BH 4 
Amd 4534 O» 


“AOR MOM 440 SIM ATE * HO LINDE 
tim 6D OU 
sO2EN SuUdBMAN ASTD 
wou Hot 
V6i 13) 2M a, MBeRNF ZEN 
mou ¥2e 
w Cl Lo MIM! ¥. WlemAr ZEN'C 
“BRNO mi SONIA JOMWLSIS BY 'Z 
"O7IsID2eS PSImMBINLO 
SETA ZY wi EINIWA BOeVLIIVeND * 


arlzress 


‘62400 


pt 


BL vy-5-068 


QUVOE “S'd TOUINOD SY 


QI-L/SI-L 


(Z JO | 1394S) WedtIG DCW IYyIS 
“gy pavog a[npow Indu 9-. aundty 


ONid'GY OL 


sweiseiq, IVeWayIS 
TTA UOoNdac 


£ us 
vVizztresa 
@ aaowau 
540 1 1N6 *@ usennr cove V3NNWHD 
auavWaHs aries saqwo @ waannr Gow) T3NNVHD *E 
Bmvuds NOILdO NO DuvNaHIS aves NO *O31d1345 BEIMMSHIO SSI WH 
630 4 “AMS visziced (zaezrozmozy (hreter amiog 1531 )'6 cea Gunaar erKiauibill 
a y BNO: 236M 
08°D'd JWMGON LNANI ‘DILVN3HOS : be ae . Sarid + Z-YENNUHS NO O3SN LON Pe "> «= SETIMA “#4 HL FBAIWA ZINVLIDVEVD ¢ 
: -5310M 
OF 
St (€310W 2351 
43530 ean) OC 
OF 
ce) Prd ry \ vt 
@ © a 


iis 


a2 
rr 


AGIA ASI= 


33, OND 3u 


RaeHARRaaess 


ano 


3 


acsoro> 
we 
weet uesstov 
221 


LLL LILULILI ULE 


or 

6 

ry 

a 

9 

§ 

° 

rea bee & 

ry ‘e z 

Void *bi'gr'9 31 OL 7) fob ) 


WOO (ZE}Id 
"08 “Dd JINAGOW LNANI 9V 


ALNdNt AWOOL S OOZE . 
@ di iv WRDSINL Mossu zai 
fe mws*2 & OO0%Y nad 


WHOSSAVM 


i: ©) ©) 3) LNIOd 131 


agiztesd 


“ypisineny ov @ @ daonay 
@ waemne cov t VaNNWHD 


*® wiennr cov 1 V3IWNVHS eo 
753208 


: 


ona 
6 


wan 


(oro Orser 


over 
ole 
ote 


toro Ove 


pha. 
be 
bd 


Sire iLirk 


(Z JOT 19a4S) wesTMGg sewWaYyrS 


‘gy pitog aynpojy induy 


suIvIZEIC] IEWAYIS 
ITA YORSeS 


BNVES HOLLdO O2¥ NO 


g-£ aandi4 
wine 
z - 
+ NIOd - 
Stee = 4miod ssa2 C) ‘2 
9 = 
140' § "1HS 
A 
aS t tice 


eco -. DILVMIKSS JNVus NO 
srg 2208 Tg tanta ota ry 


= 04 S123NNO9 
AST ASZ At (i2)ed 


oe 2e9 l rs) | ae AS T 
i a 
Asz 7. asz 
ae 
7] 229° 
me isp OzNId 01 ——- 
< 1otd GiNid On 
(o¢}2¢ (NolLdo} oF 
(i220 aap 
130 17LHS 
142188 
MWIVNSHS INVES IV 
NO LOf)OEF OZM 
O41 SL23NNO9 
66018 
DLLVR3HOS 


(Obed 


ust 
2ru 
AGi® = ASI 


viol 


WOO? 
vre 


4606 
Seu 


361SOr0D 


OD aIDIdS JSIMYSHI! 
“OBIdIDSdS SSIMUIHL 


Zid! wo) Sew ZI Idd bzu 
413 Old 


“OR3L9913S ANOLIVS BS SE 
vid) 6v 202 Se 


ovy Ih IZ 
sq3sn LON SUBBHNN’S ‘O3SN SUBONNN LSV1'% 
oeeee 
*ANO 0026 NO Q3SN S3INWA 3S3HL | SE 
soece 


© SESINN*SNHO NI SINIVA ZONVISISZY Z 
oO SS3INN ‘3% NI SBNIWA SINVLIDVdV) “I 


G Nid "If OL 


G Nid OID) OL 


q9g 4S 
Viszztreea 


y309wLaY 


:$3.40N 
4353u 1x3 
4.30 99 LHS Wisziced wNid‘it OL ° w79 waco. + 
. “ae ~ ‘ . = 
09°D'd 3TNOOW INdNI DILVA3HIS 3ecioves ss, 
491 “1 
. a5 wownod-¥ 
AS= ftntd OID! OL 3aG10v05 3yLvor0d 
Aws+ °eot sot 
WL Mle uly 00 
zsu% isut osu ; 5 A 
€ ED ; w30DIwl— 
WI/LNO OO, CS s1ewisv 
"OD SS, Fy " 
3%) le | zlavisy 
HN TS tl 
° iF 
aus == Pea a: 
ln Pe aT (a) 
> 38IS0rOD 4 
cytes (i Sere See, ae s 4 * — s800z2 
2 ci Rireiesit 3es0v02 rTr) 100 pa conen 
v Tey) vl . 219 . 6 
3e910%02 100 1 sare 
AS= AzS+ Ras $19 7 
AgzSe Abie 
L@+ T 2Nid ‘0191 OLS IN 
HOSE a wz 
8 sv ety 
z 
Azse € 
3a910v09 
Pont jw ws eee 
eG YSe Ol! 
ener 62u oo! 
319 >= 
FY 
BINIdD 
nO! cn ; 
i 191 s60Ic8 
Asie AGI ae A rip Le) eae OL giNtd Diuvn3Hos 
© wore . 2 “1h , BWVUs NOLLdO NO 
rt y AS- AtSe CEC ld 
3989 OL SL93NNOD 
ecu Le 19 OL ony 
t : 
sree L iy or he torte £ go tans 
»60°6 
Oo eeu aie 4989 Die Tee via 1 = DILYNSHIS NHS NO 
0z2 919 van ide 
3e1S0ra> 01 SLO3NNOD 


OZNid GINid GINId 


39000! , 


Lok 131 O4 


Zinid’@Bd) 
oL 


AwOOL =D o00z6 
m4 S7Z=@ OOz 


GINId* a9) 


OL 


$%008 =9's‘b't 3ONVY-031100 
7 §”O01 = 2°10 SDNVE — ONM0S 


$3 w 


wOO1 
22y 


aiassw2 Ww 


WYOI3AVM 


LNIOd LS3L 


|: 


Or-L/6I-L wilzzicea 
od te 
G25N 10M SudGHAN 6 


62 ow 
ODSA Su2EMAN ASV) © 


amiod A534 © '. 


“EMO NI GINA DIMVASISDY VW FE 
O3s12206 


wring stwayas 
‘ey panog Ajddng samog 1-/ aunty 


440d kus 
arice 
Dav 942s Invws KO 
167068! theese 
0, $223eN0> 
162.016 


cash ams 
1athte 
Diawn2KI5 Inves WO 
reine Cimaw 
G4 $253eN0> 
(eee 


ee 


asm 2/6 


all ’ i) » ® 


ALTSe ADSH ARCH ATES ABEH 


4 1 * ° 7 


a6 aN AGi~ ASI- AGi= 
1 ®o % % Xo rm Ast 
on oN oem oe VN oo: 
rom 
' ' 1 t v 
ond Ono ono ond ano 


7 Fj 
1 Trove | tube soDed Are) ‘Lense 
Aree Ate Age Asie Asie 


QsrauBHLO SSP WN HE SIAR Woevilovava Ve 4 


£90 1 LMS 
wzice 
Stave dHos Drives NO 
Wexrere ozmiv 
OL $292"H09 
tered 


4.401 WE 
47188 
Siw aHas Daves HO 
(pu 9er dete 
Oa £193NOD 
wad 


1603 


78240M 


4400 4us 
zie 
DISVNIHIS IVs HO 
(enGrr Grate 
04 S13d3NNOS 
irae 


240 1 AWE 
s1zsce 
DIVAN DHSS Pewed MO 
Tea tie tamie 
01 S1IINNOD 
wee 


"O2 


dinoeiv? 


Dnon giv? 
> 


1Nod 


DiNDWeZv? 
zt 


aaa 


pecioead 
sot 


|: |: s 
\ tetled 

oN 3M we AGI+ wn ned 

oss — 13530 


sweldeiq I BWat dg 
HALUCHSAS 


4:40 1 AME 
zee 
DIAVADHIE IVES WO 
tether ciaty 
OL SL2dmNOD 


teed 
240 1 LME 
PS ayy 
DUVABHSS anwes HO 
touoriv 
OL $433NNOD 
Olhid 
a 7 Ned 
Bez-5A  N 
20 
sz) Abmsnuo 
ou 
tO-00n 
Cegrrya GS ry ue/030 


"0G D'd AlddNS YBMOd LV 


sna owe 


VLZ2LE83 


gelzrees 


zoiLy fo 


° odh 
Edt igiy940 


ee 4; 
(9i)ld [ zi } 4 aE ee TSE 
Glare} = 
(zed Le oat 
eG) ty} O (olbid 
(ened ar a 
cr . 
CLOT 


om ™ 


(vlied 


g€ £2 TBI 


< 


vO-O002r 


SUBIZBIG WBWayIS 
IIA uonzag 


Q660!1£83 
e@eeeee 
6 gS-O00zr © UE] 
Ee NOIESS O eeeece -S3LON 

' =z! 
' * Oo 

4 > 
(2Gxrax6cq ! 
'Ocremargi 
bear ses y iBe 
1DERERme | WANHOISNVEL 
Nel Sigg Mm Sew oir OL 
i See oe! — . 
1 >» ro 
ie SMa eo |e ° o 
1 =) PA Sy 1 al zx > 
1 Swozrrs | . Es = 
1 2oMsm | S S 

umtz = 4 j= = 
ho ae x x 
i, ae ee Sit A “4 
ry ES aes < 
! Tago 1 | 224 
2 Seeker e 
i = Re eEoe “god 
' fe Addn USMOd 
= =) 


iv 
Old 


{vel2d 


= < 
Nn 
w 
7 
$ - 
¢ wo a tee ee Gee m 
2 inant 3OvsUZLNI z = = oa = a 
_ (2g)z2v (za) ezv ie a r= & & bes 
= y - v r uv v e 
T < OL OL z 8 3 3 Ag = 
{he ea = = > ° 9 wo 
pono Sie 52 of greets 
T 2 = m = 3 Co 
= r Ge 2 
8 Bod 8"D'd > Pd 2 2 re 
= 2 Adddn$ waMod AlddNs YaMod = o A = 7 ‘ 
fa (Bd LV (Old) Lv Pas ° ° 
x 4 oL OL eee o o Cl 
ere 
: : eens 
no ° ge 
a fed es es ese 
& ul Go ese : 
~ 2° => ee8 eS 3 
‘eo'd ES 
‘Bod BOvsH31NI 
43dd0H9 [e109 | ezv 6 
LAs ecaseo ty 
e S2v¥ @ 1G 
eosecee tis 
a > eee 
2 gO aod ee aod Bod 1 
a LndNt OUJNOD =e Ae 4INdNi 0uLNOD y) 
ee (ld)sv (ld) Sv nw ate (Id)9ov (id)sv ks 
e. OL OL manele OL OL 
oe 
ese 


} 
i 
{ 


{2E)6zF02M 
(Sz)9zrozm 
{e2) b2rozm 

(62)ezrozm 

(Szpgzrozm 

(r2)re2rozm 


02M OzM 
€0-002b 10-002 
SWVYS NIVW OC ; 


APPENDIX A 


APPENDIX A 
OPTION 4200-01A 


1EEE-488 BUS INTERFACE 
OPTION 4200-O1A 


A-1. DESCRIPTION, 


A-2. The 1EEE-488 (GPIB) bus Interface 
option permits external control of the 
Instrument and data capture by a wide variety 
of compatible controllers. The Jnstrument 
may be operated with other GPIB-compatible 
devices to achleve specific test automation 
goals, with no speciallzed control Interface 
requirements for proper electrical operation, 
A-3. Although no standard GPIB Interface 
data formats have yet been established, cer- 
taln common practices are achleving de-facto 
standard status. These practices have been 
adhered to In the design of the 4200-01A 
option Interface formats and delimiters, 
thereby assuring the user of format com- 
patibility with almost all controllers, 


A-4,. CAPABILITY. 
A-5. Certain subsets of full GPIB functions 
are specified Jn the {EEE-488 1978 Standard. 
The Model 4200-O1A option Includes the 
following capabilities: 
SH] SOURCE HANDSHAKE complete capability 
AH1 ACCEPTOR HANDSHAKE complete capability 
T6 BASIC TALKER, SERIAL POLL, 

UNADORESS {fF MLA, 

NO TALKER ONLY capability 
TEO NO EXTENDED TALKER capability 


L4 BASIC LISTENER, UNADORESS IF MTA, 
NO LISTENER ONLY capability 


LEO NO EXTENDED LISTENER capability 
SRI SERVICE REQUEST capability 


RL1 REMOTE=LOCAL capability, 
LOCAL LOCKOUT capabli lity 


PPO NO PARALLEL POLL capability 
DCO NO DEVICE CLEAR capability 
DT1 DEVICE TRIGGER capability. 
co NO CONTROLLER capabl lity 


MLA = My Listen Address 
A = My Talk Address 


A-6. INSTALLATION, 


A-7. Option 4200-O1A consists of Interface 
board A23. Electrical Interconnections are 

shown In Figure 7-8. To Install the Inter- 

face board, proceed as follows: 


a. Turn off power to the Instrument, 
b. Remove the screws that secure the top 


cover of the Instrument and slide the top 
cover back and off. 


c. Cut the cable tle In the Instrument fhat 
holds the extra power plug (the plug with two 
blue wires and one black wire). 


d. Remove the six screws that fasten the 
control board and replace them with the six 
mounting posts supplied with the -O1B package, 


e. Position the Interface board in the 
Instrument so that the mounting holes In the 
Interface board line up with the mounting 
posts In the Instrument, Attach the Inter- 
face board to the mounting posts with six 
4-40 screws and lockwashers supplied with the 
Interface board, 


f. Connect the 40 pin ribbon connector to 
the front edge connector of the Interface 
board, 


qe Connect the power plug Jn the Instrument 
to the 4-pin brown connector on the Interface 
board. 


A-8. OPERATION, 


A-9. Address Assignment, Before using the 
Instrument In the GPIB, It must be assigned a 
unique address. This address {is set using 
the five right-most sections of rear-panel 
address switch $1 In accordance with Table 
A-1. 


A-10. Message Terminator, Positions 6 and 7 
of the rear-panel switch $1 permit a choice 
of message terminators, as shown Jn Table 
A-2. 


A-11. Command Response. In addition to Talk 
and Listen Address commands, the Instrument 
responds to the following: 


a. Address Commands (Response jf Listen 
Addressed). 


Mnemonic . Name Function 

GTL Go To Local Enables panel 
control 

GET Group Execute Trigger a 

Tr fager measurement 

b, Listen Address -Group. 

Mnemonic Name Function 

UNL Unt isten De-address as 
| }stener 

c. Talk Address Group, 

Mnemon Ic Name Funct lon 


UNT Untalk De-address as 


talker 


APP 
OPT 
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TABLE A=1, ADDRESS ASSIGNMENT 


“Decimal Talk Listen Switch Setting 


Address Code Code SPRY Yok. Pie 


0 @ SP 0 0 0 
1. A ! Of OO 
2 B " OO mG 
3 C ry Ole Oma0 
4 D $ OF, On 
5 E ,4 0 6 co | 
6 F & Ose07e1 
7 G ' 0 g0i uel 
8 H ( One G 
9 | ) On? 1.4.0 
10 J * Ab 
11 K + Over ae O 
12 L ; Oe 16! 
13 M = Oat 
14 M ° Or tiie! 
15 N / Ontos 
16 0) 0 {Sew 2 Ye) 
17 P 1 1x, 0 0 
18 Q 2 170° «OO 
19 R 2%) 00 
20 S 9.0: 1 
21 7 5 lagO al 
az U 6 Lee! 
235 V 7 1 O6it 
24 x 8 Bales 0 
25 Y 9 { wuloe0 
27 [ ; ind 0 
28 \ < Jee 3 
29 ] s Tv abpni 
30 A > 1). dpe 


"address 31 (11111) will not be 
recognized and should not be used, 


0 


0 


1 
0 
1 


TABLE A=-2, 
MESSAGE-TERMINATOR SELECTION 


Message 
Terminator 


e 
*with or without EOI 


A-11. (Continued). 


d. Unencoded Commands, 


Mnemonic Name Function 

[FC Interface Initialize 
Clear Interface 

REN Remote Permits remota 
Enable operation 


A-12. Operating States. The Instrument 
operates Jn two separate states, whether Jn 
local or remote control, One state Js the 
measurement state, during which the Instru- 
ment performs and displays measurements; the 
other state Js the data entry/recall state, 
which Js operative during number entry or 
after recall of stored information. When 
operating on the bus, It Js Important to 
remember that the Instrument can send only 
that Information which appears on the front 
panel display. When the Instrument is In the 
store or recall mode, the LED display and 
annunclators blink on and off to Indicate 
that the displayed value Is not a measured 
value, 


a. Measurement Mode Functions. The 
following functions change the measurement 
mode of the Jnstrument: 


Keyname GPIB Function 
PWR MODE P Displays measured voltage 
dB MODE B Displays measured d®BmV 


b. Command Functions. Table A-3 describes 
command functions, 


Keyname GPIB ' Function 

dB CAL FAC D Cal Factor Constant, Jn dB 
RANGE AUTO A Sets autorange mode 

RANGE HOLD 0O Sets range hold mode 

GHz iP Interpolates Freq/Cal 


Factor Table 


TABLE A-3. 


A-12. (Continued). 
c. Service Request Status Codes. Service 


request status Is defined by a five-bit code, 
as defined in Table A-4, 


TABLE A-4. SERVICE REQUEST STATUS 


p49 2 8 : 


CH 1 low IImit exceeding 


Ch 1 high limit exceeding 


Ch 2 low IImit exceeding 
Ch 2 hfah limit exceeding 


d. Data Entry/Recal!l Functions. These func- 
tions enable entry or retrieval of numeric 
constants used by the Instrument. Operation 
reverts to the measuring state after data 
storage. 


Keyname GPIB Function 

LIMITS L Low I Imit value In dB 

dB LO 

LIMITS H High IImIt value In dB 

dB HI 

SEEEGK N Selects channel number 
CHNL 

dB REF R dB reference level for dB 
LEVEL dB modes 

SENS S Selects Sensor Data Tables 


COMMAND FUNCTIONS 
Commands [Are [ewOlserm=|oUescription a slcenipepemn cna main 


Hold command: 
keyboard entry, will remain on the display. 
The Instrument will continue to read probe jn- 
put, but will not update the display. The 
Instrument cycle time will be greatly reduced 
because of the measurement-cycle overhead that 
Is not executed during the hold command, 


Service request command: 
will be Issued by the Instrument upon comple— 
tion of a measurement, 


Raw-data command: 
average or smooth any of the measurements, 


Limit command: 
service request !f any | Imit Is exceeded. If 
a lImIt Is exceeded and a service request is 
Issued, the U command must be rearmed to be— 
come operational again. 


Trigger command: 
the |EEE-488 group execute trigger, initiates 
a measurement cycle, 


' INTERFACE CLEAR and DEVICE disarm al! the above commands. 
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the last reading, or the last 


the service request 


the Instrument will not 


the Instrument will Issue a 


this command, Sdentical with 


e. Special Functions. Special functions 
Include the automatic zeroing and clear func- 
THON Sie 


Keyname GP 1B Function 


ZERO Z Initiate an automatic 


zeroing cycle 


CLR C Clear numeric entry 
to zero 
CAL K Performs 1 mW Auto 


Calibration 


f. . [EEE-488 Bus Command Extensions, The 
following functions are added to bus opera- 
tion: 


Name GPIB Function 
ADR, ZERO f Zero selected 
ranges (0-7) 

SET RANGE G 


Set to selected 
range (0-7) 


These commands must be preceded by an 
appropriate argument, The argument for Y is 
the span of ranges to be zerced; for example: 
26Y specifies zerolng of ranges 2 through 6. 
If only one range Is to be zeroed, the argu- 
ment must begin and end with the same code | 
(a.ge, 11¥ to zero only range 1). The argu- 
ment for G Is the range number (0 = 10 nW to 
6 = 10 nW for 4200-4 sensors) to be set. Fron 
execution of the Y command to measurement 
mode, the maxsJmum time Is as follows: 


A=5 


arr aiibiad 
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A=-12. (Continued), 


Command Time Command Time 
OOY e> seconds O4Y 3.8 seconds 
O1Y -9 seconds O5SY 4.0 seconds 


2.3 
2.9 
O2Y 3.3 seconds O6Y 4.3 seconds 
O3Y 3.5 seconds 


The "Y"™ command allows no walt time for a 
sensor, to reach a stable zero before actual 
offset storage occurs, 


NOTE 


The G command sets the 4200 to an jJnternal 
range which may not correspond to the range 
code output In the data string Jn Paragraph 
B-21. The table below relates Internal and 
apparent range codes: 


LEVEL INTERNAL APPARENT 
+10 dB 10 mW = - 
6 
+6 dB 3.98 mW - 
O dB 1 mW 6 - 
5 
-10 dB 100 pW -5- 
-11 dB 79.4 UW - 
4 
-20d8 10 uW -4- 
~21 dB 7.94 UW - 
3 
-30 dB 1 uw -3- 
-32 dB 631 naw - 
Z 
-40 dB 100 nW -2- 
-42 dB 63.1 nw - - 
1 
-50 dB 10 nW - 10 
-52 dB 6.31 nW - + 
-60 dB 1 nw 0 - 
+ 


For the series 4 and 5 sensors add 10 dB to 
the Internal and apparent levels. 


For the series 6 sensor add 20 dB to the 
Internal and apparent levels. 


a. Bus Avallability. When the Model 4200 

Ts sent a string, It does not normally tie up 
the bus while responding to the string; other 
bus communications are possible during the 
Interval, The 4200 can Inform the 
controller when It Is finished by use of the 
Service Request see paragrpah B-12d, If this 
Is desired, 


The Mode! 4200 can, however, be made to lock 
up the bus while It Is responding to a string 
- | such action Js desired - by sending It 
two strings In succession (even |f the second 
string Is only a Null command). 


Example: A "zero command: wrt 716,"Z" 
Followed by a 'ttalk't command: red 716,A,8,C 


And 


A-13. TIME RESPONSE CHART, 


Refer to Tables 1-3 for the Model 4200 sensor 
measurement through the |EEE=488 Bus, 


A-14,. REMOTE PROGRAMMING, 
NOTE 


It Js assumed that the user |s acquainted 
with GPIB principles and terminology. Refer 
to the controller Jnstruction manual for the 
syntax needed to create specific bus commands 
and addressing sequences, All examples given 
apply to the HP 9825 calculator, 


A-15. Bus Programming Syntax. The bus 
programming syntax mirrors the front-panel 
keystroke sequence closely. Each key has 
been assigned an alphanumeric character and 
sending that character Is‘equivalent to 
pressing that front-panel key. The resulting 
operation js Indistinguishable from local 


.control, Numerical values are translated by 


the GPIB Interface so that commonly observed 
formats may be used. Fixed formats and 
floating point formats may both be used. 
These representations are converted to their 
equivalent fixed polnt values and the sign 
Information Js post-fixed automatically, 
thereby ensuring that natural notations for 
numbers will be accepted by the Instrument, 


A-16. Suppose that it Is desired to set the 
Instrument to the PWR mode, The HP 9825 
calculator could be programmed: 


wit, 76,4 “PX 


The "wrt" Instructs the calculator to send 
data on the bus to one or more | Iisteners. 

The number following Js the address Infor- 
mation; 7 is the calculator address and 16 Js 
the Instrument address. (all examples Jn 
this appendix will use 16 as the Instrument 
address, although any valid address can be 
assigned to the Instrument.) When the calcu- 
lator |nterprets the first part of the |Ine, 
It will assert the ATN line to signify that 
commands or addresses wlll be sent on the 
bus. Following that, It will send three 
bytes or characters: “UnlIsten, the calcula- 
tor Talk Address and the Instrument LI]sten 
Address. This Information will configure 
both the calculator and the |nstrument for 
the data transfer, After the last command 
byte has been accepted, ATN wil! be released 
to the false state by the calculator. All| 
Information on the bus Js Interpreted as 

data In this mode. While Jn the data mode, 
the calculator will send the character "P" to 
the Instrument, At the Instrument, this will 
be Interpreted as equivalent to pressing the 
MODE PWR key and that function will be exe- 
cuted, Because there Is no more data to be 
sent, the calculator will send a delimiter 
(the preselected ASCI! code for the ter- 
mination character). The Instrument recognI- 
zes the termination character as an 
end-of-message signal and returns to the bus 
Idle condition. 


A-17. The preceding discussion of the 
sending of a single programming byte serves 
to Jllustrate two Important points: every 
data transfer Is preceded by a 
command/address preamble and each transfer Js 
terminated by a termination character, In 
the preceding example, six characters were 
sent on the bus; only one was a programming 
byte. 


A-18. The measurement mode functions (P, B, 
A, 0) and the special functions (Z, K) do not 
expect any numeric value, These functions 
all execute as received. For example: the 
following will program dB and autorange mode: 


wert 716, "BA" 
or 
wrt 716, "AB" 


Note that the sequence Is unimportant, except 
+hat each function executes In the order It 
1s received on the bus. 


A-19,. Suppose that the Instrument Is to be 
zeroed automatically, and then asked to send 
the reading In the PWR and RANGE AUTO mode. 
The HP 9825 calculator could be Instructed as 
follows: 


wet 716, "APZ" 
red 716, V, S 


The automatic zeroing cycle time Is approxi- 
mately 10 to 22 seconds, depend-Ing on range. 
Until zeroing Is com-pleted, the Instrument 
will be unable to respond with new data. The 
first |Ine of the preceding Instructions sets 
the operating mode and Initiates the zeroing 
cycle. The last IIne reads the response from 
the Instrument. The Instrument response con- 
sists of two numeric values: the first value 
Is the front panel reading and the second Js 
a status value (normally zero). These two 
numbers will be stored In the calculator 
variables (storage locations) V and S, Note 
that each data transmission from the Instru- 
ment consists of two values, When the status 
value Is ndén-zero, Indicating an error con- 
dition, the data value will be set to zero, 
The program will normally test the status 
value to assure valld operating conditions, 


A-20. Store/Recal! Functions Syntax. The 
general syntax for store/recal! functions Is 
the same as the front panel sequence; Jf a 
numer!c value Immediately precedes the func- 
tion, that value will be stored; otherwise, 
the existing stored value will be recalled to 
the front panel; These functions (L, H, D, 
F, S, N, R, J, U, VY) thus operate In a dual 
mode, When the Instrument Is In the store or 
recall mode the display will blink to Indi- 
cate that the Instrumant Is not In the 
measurement mode, The Instrument Is returned 
to the measurement mode by sending any of the 
following: P, B, A, 0, T, IJ, OJ, 19, 00, 
1V, OV, 1U or OU. 


A-21. Suppose that Jt Is desired to store 
the current power level In dBm Into the d®&m 
reference so that all future readings wil! be 
referenced to the current value. Allowance 
must be made for the possibility that the 
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current value Js a dB relative value. To do 
this, the current dB value must be read, the 
existing dB reference must be recalled, the 
true dBm value must be computed and this 
value must be stored Into dB reference. The 
calculator could be Instructed as follows: 


EodpilOcm ss 
wrt 716, "R" 
rede/ 16, oX205 
Vise Kacey. 
Wintaral Olen ol pimerrees 


Note that R Is used twice In the program, the 
first time to obtain the existing value for 
the dB reference and the second time to store 
the computed value. Also, note that the two 
read statements (red) each fetch a different 
value, the first value Is the power value In 
dB and the second Js the dB reference, 


A-22. Output Data Format. The data 
output of the Instrument consists of two 
numeric values. The first Js the 
numeric data In the display and the 
second Is the status Information, The 
normal data output will have the 
following format: 


abesddddEsd, S, R (tc) 
Where: 
ab 


mode (power In milliwatts = PW; 
dB = DM; d8r = DR) 


c = channel (A = t+ B = 2; C = 3) 
s = sign (+ or -) 


dddd = data (four digits, each digit 
0-9) 


Esd = exponent, sign, digit 
, = data delimiter 


S = status digit: 


Q = no error 

1 = entry too small 

2 = entry too large 

3 = measurement under range 

4 = measurement over range 

5 = zero acquisition out of 
range - excessive positive 
offset 

6 = zero acquisition out of 


range - excessive positive 
offset 
7 = channel 3 over/under range 


R = Range Code, coded per Table A-4 


te termination character 


A-23. Hold Indication Function Syntax, the 
Hold Indication function, when enabled (10), 
automatically does a measurement cycle 
following Its recelpt and then holds the 
Indication until receipt of a T, 0Q or 
another 1Q command. It Js Intended primarlly 
for use with the Trlager or Group Execute 


Trigger commands. Following Its receipt, the 


Instrument continues to measure but does not 
update the display. Th!s can be useful 
where response time !s Important sInce 
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TABLE A-4. 


Range 


Code 4200-4E 


<-50 dBm <=-40 dBm 
<=-40 dBm <-30 dBm 
<=-30 dBm <=20 dBm 
dBm <=10 dBm 
£=10 dBm < 0 dBm 
S 0 dBm <+10 dBm 


AuPWN—O 
nN 
| 
N 
(2) 


A-23. (ContInued). 


display-update time Is elJminated unt! 
called for with a Trigger (T) command; 


another 1Q command will also update the 
display and maintain the hold indication 
function; a 00 command will update the 


display and negate the hold indication func- 
tion, 


A-24. SRO Function Syntax. The control-ler 
can command the Jnstrument to pull the SRO 
line true after each measurement. The syntax 
for thls command is 1V; to command the 
Instrument not to pull the SRO line true 
after each measurement the syntax Js OV. 


A-25. Measurement Trigger Syntax. The 
Triager (T) command is an addressed command 
(wet T16,"T"), used to trigger a measurement, 
and Is generally used }n conjunction with the 
Hold Indication function (Q). (Refer fo 
paragraph B-23.) The Instrument Is also 
responsive to the unaddressed Group Execute 
Trigger (GET) command, This command Js 
asynchronous and may result In a slightly 
faster response time than the T command, 
which Js executed only once each measurement 
cycle, 


A-26. Limit Service Request. This command, 
when enabled, will result In a service 
request by the Instrument when elther dB 
jimit (high or tow) of elther channel 
(channel 1 or channel 2) Is exceeded, The 

| Imit exceeded and the channel can be deter- 
mined from the service request byte as shown 
below: 


NOTE 
Bit 5, when set, Is the service request, 


Bit Limit Exceeded 
Moms Fates BZ tO 


Meme X eX EX SOY Channel 1 low IImit 
KMeX OX XEXZ IO Channel 1 high IImit 
Ketek a el XOX Channel 2 low | ImIt 
Aree AEE ORK A Channel! 2 high limit 


A-27. Typical Application. Suppose that bint 
Js desired to measure Insertion loss or gain 
with an Instrument equipped with option 
4200-03, channe! 2 measures Incident power 
and channel 1 measures output power, The 
program, shown below, wlll request reference 
conditions and walt for the user to set them 
up. Following estab! |Jshment of the reference, 


A-6 


RANGE CODES FOR VARIOUS SENSORS 
Sensor Type 


4200-5E 4200-6E 


4200-7E 4200-8E 
dBm -€=20 dBm 
dBm <-10 dBm 
dBm < 0 dBm 
dBm <+10 dBm 
dBm 
dBm 
dBm 


-10 dBm 


dBm 


aN AN 
oo 


the program wil! loop on Insertion ltoss/gain 
measurements, Each measurement Is triggered 
by the user. Zeroing Js prompted In the 
local mode at the beginning of the program, 
Reading errors, should they occur, will be 
signalled by a double beep from the calcula- 
tor; normal measurements will give a single 
beep. There will be one print |ine per 
measurement, The reference value Is not 
printed {n this example, 


Program Variable Usage: 


P: = power measurement value 
R: = range value 
S: = status value 
Z: = dummy Input for prompts 
Program Statements Comments 
Gs Ctl /clear Interface 
1: ent "zero chl, /prompt for zeroing 
2S 
2: rem 7 /enable remote 


5:eewet 716, /O dBref, auto — set 
"1NAOR2ZNAOR3N" ch 3 


4: . ent "ref /prompt to set up 
measure",Z ref 


5: red 716,P,8,R /read ref value, status 
6: Jf S>Osdsp 


Cerro) 3: 
beep; gto 4 


/test status 


Ts) SIAR CHINE, /set ch 1 dBref =P 
P,"R3N" 


8: beep;ent 
"measure", Z 


/prompt for measurement 


9: red 716,P,S,R /read measurement, status 


OD) 14 -S>Os" dsp /test status 


SOI COrN as 
beep;walt 100; 
gto 8 
iizoplton , cdo: /pcint measurement 
gto 8 
12: end 


A-28. The program In paragraph A-25 also 
measures reflection coefficient Jf channel 1} 
measures reflected power and channel 2 
measures Jncident power, The reference con- 
ditions are established with a short at the 
test port of the directional coupler, 


A-29. Use of Hold Measurement (Q), Trigger 
(T) and Measurement Complete-SRQ (VY) 
Commands. An example of the use of these 
commands using an HP85 Controller, Boonton 
Electronics Model 1020 Signal Generator and 
Model 4200 RF Microwattmeter fol lows: 


Statement Comment 
10 ! TQVCHK Program name 
20 REMOTE 7 @ Enable remote; clear 
CLEAR display 
30 OUTPUT 703; Set Model 4200; chan- 
"INISODOROQOVAB nel 1 sensor 1, O CAL 
FACTOR dB, O REFER- 
ENCE dB, no hold 
Indication, no 
measurement—comp! ete 
SRQ, autorange mode, 
dB display mode 
40 OUTPUT 702; Set Model 1020; 1 
™ 1MHOLOON" MHz, output level of 
0 dBm, output on 
50 OUTPUT 703; Set Mode! 4200 to 
UO hold Indication mode 
60 OUTPUT 702; Set Model 1020 to -10 
"OL-10" dBm level 
70 ENTERM7O5:9A Read model 4200; 
store In A 
80 PRINT A Print model 4200 


90 DISPLAY "PRESS 


CON 
COM 


100 PAUSE @ BEEP 


TINUE FOR T 
MAND" : 


Indication 
Display prompt on 
Model 85 


Stop program; Issue 
beep (press continue) 


110 OUTPUT 703; Send T (trigger com- 
Sit mand) to Model 4200 
120 ENTER 703; A Read model 4200 


Indication; store In A 


130 PRINT A Print model 4200 
IndIcation 
140 OUTPUT 703; Set Model 4200 for 


"og 


£ 


Indication-hold, auto 
range mode, dB mode 


150 DISP™PRESS Display prompt on 
CONTINUE FOR 1V Model 85 
COMMAND"" 


200 PAUSE @ BEEP 


ZG 


OUTPUT 702; 
"NOLO! 


Stop program; Issue beep 


Set Model 1020 to 10 
dBm output 


220 


230 


240 


250 
260 


270 


280 


290 


209 
300 


310 


320 


340 


WAIT 1000 
ON INTR 7 
GO TO 290 
OUTPUT 703; 
wyyi 

WALT 200 


ENABLE INTR 
Be 

ON TIMER #L, 
5000 GO TO 
370 


GO TO 280 


OUTPUT 703; 
ngyr 


WAIT 200 


S=SPOLL(703) 


IF BIT(S,6)<>1 


THEN GO TO 
370 


PRINT 
"MEAS=COMP— 
SRO" 


DISP"PRESS 


CONTINUE FOR OV 
COMMAND" 


350 
360 


370 PRINT"NO-MEAS- 


380 


PAUSE @ BEEP 
GO TO 260 


COMP=-SRQ" 


PRINT "DONE" 
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Wait 1 second for settled 
‘Indication on 4200 


lf Interrupt occurs, 
branch to 290 


Set Model 4200 to Issue 
a SRQ at completion of 
measurement 


Walt 0.2 second 


Enable SRQ Interrupt In 
Model 85 


lf no Interrupt is 
received In 5 seconds, 
branch to 370 


Wait for Jnterrupt 
(or escape after 5 
seconds - step 270) 


At Interrupt, set 
Model 4200 to no- 
measurement—complete SRQ 


Walt 0.2 seconds 


Store resulf of 
serial poll of Model 
4200 in S$ 


If bIt 6 (SRQ bit) of 
Model 4200 service 
request byte does not 
equal 1, go to 370 


If bit 6 does equal 1 
(SRQ bit) print 
"MEAS—COMP=SRQ" 

Display prompt on 

Model 85 

Stop program; Jssue beep 


Go to 260 


There has been no 
service request 


Check Js complete; 
print "DONE" 


In the above example, the device 
addresses are: 


Device Address 
HP Model 858 vi 
BEC Model 1020 2 
BEC.Model 4200 3 


The sequence of events Jn the above 
program are as follows: 
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A-29. (Continued). 


HP85 
Controller Comments 


RUN The model 4200 will read the 
generator level of approxima- 
tely 0 dBm and this will be 
printed by the mode! 858; the 
Model 1020 generator will 
change its level to -10 dBm but 
the Model 4200 wil! not change 
Its Indication since It Js In 
the hold-Indication mode; 
program stops at pause and 
walts for "CONTINUE" on 
Model HP85, 


CONT I NUE This Issues a T (trigger) com- 
mand to the Model 4200 which 
now changes to approximately 
-10 dBm; this Js printed by the 
Model HP85. 


CONTINUE This InJtlates a sequence Jn 
which the measurement—comp lete- 
SRO Is enabled, 


CONTINUE This Initlates a sequence In 
which the measurement—comp | ete- 
SRO has been disabled. 


A-30. Model 4200 Device Dependent Statement 
Summary. Refer to Table A-5, 


A-31. Sealed System Operation, When In 
sealed system operation (selected by the 
control board bit switch) the Instrument wt]! 
power up In the operate mode but, by the use 
of the proper GPIB commands this Instrument 
can be placed Jn the DC or AC modes to allow 
callbration of the Instrument over the bus 
without removal from the system rack, The 
GPIB commands are: 


Operate Mode "80m" 
Callbrate Mode 1 (DC Cal) "Bim" 
Calibrate Mode 2 (AC Cal) "82n" 


A-32. THEORY OF OPERATION, 


A-33. General, Interface board A23 }s a 
microprocessor-driven data Interface which 
converts IEEE 488 bus compatible signals Into 
control codes that operate the Internal 
control bus of the Instrument. It also con- 
verts Instrument data Into IEEE 488 com 
patible signals for use on the bus. All data 
transfers are handled by source and acceptor 
hanashake protocols as defjned by 

| EEE-488-1978, 


A-34. Detailed Description. Refer to Figure 
A-1. All data manipulation and IEEE 488 bus 
management are controlled by CPU A5IC3 on the 
Instrument control board Jn conjunction with 
a micro-program stored Jn PROM A23U1 on the 
Interface board, AI! data transfer Is 
handled Jn parallel=-to-parallel mode by 
adapter A23U4, Latch A23U5 handles transfer 
of bit switch data that defines the Instru- 
ment address and message termInatlon charac- 
ters to the |Jnstrument data bus. 


Bi-directional buffers A23U6 and A23U7 handle 
data and control signal transfers, respec- 
tively, between adapter A23U4 and the Inter- 
face buses. 


A=35. When the Instrument Js turned on, the 
RESET |Sne to adapter A23U4 Is set low while 
capacitor A235C1 charges through pul I-up net- 
work A23U1, thereby clearing the adapter, To 
Initlate an Interface transaction, signal 
ROM-IF Is set low by CPU A5IC3, thereby 
enabling the output of PROM A23U1. Interface 
micro-program Instructions from the PROM 
memory location specified by the address bits 
from the CPU are written onto the. Instrument 
data bus. The CPU executes these Jnstruc- 
tions and activates the control signals 
required to perform the commanded Jnterface 
transaction, 


A-56. Instrument address and message ter- 
mination character data manually preset Into 
bit switch A23S1 Is supplied to latch A23U5,. 
To read the switch data, control signals RD 
and CSIF and address bit A6 are activated, 
thereby enabling the latch output through 
gates A235U2c and A23U2b and inverter A23U3c,. 
The switch data Is then transferred through 
the latch to the Instrument data bus, 


A-37. -To read Incoming |nterface control 
slanals, the CPU activates signals RD and 
CSIF and sets address bit A6 low. The Inter- 
face control signal port of adapter A23U4 is 
selected through address bits AO, Al and A5. 
Adapter A23U4 Is enabled through gate 

A23U2a. Because signal RD Is active, signal 
TE supplied by the adapter to buffer A23U7 Is 
Inactive, and this buffer Is set up for data 
transter from the Interface control signal 
bus to the control signal port of adapter 
A25U4. Incoming Interface control signals 
are transferred through buffer A23U7 and 
adapter A23U4 to the Instrument data bus. 
Clocking of adapter operations }s controlled 
by the clock signal from the Instrument 
control board, Interface control signal 
transfer In the opposite direction Js 
achleved by reversing the states of signals 
RD and WR, An active WR causes signal TE to 
buffer A23U7 to become active, thereby 
reversing the direction of data flow through 
the buffer. Interface control signals from 
the Instrument data bus are then written onto 
the Interface control bus through adapter 
A23U4 and buffer A23U7, Interface control 
signals are defined as follows: 


DAV DATA VALID 
NRFD NOT READY FOR DATA 


NDAC NOT DATA ACCEPTED 


ATN ATTENTION 

1FC INTERFACE CLEAR 
REN REMOTE ENABLE 
SRQ SERVICE REQUEST 
EOI END OR IDENTIFY 


Statement Descr!Sption 


Trigger a measurement 
Enable data averaging 
Disable data averaging 


Recall state of J to display 
(0 or 1) 


Disable dB-1 Im] t-exceeded 
service request 


Enable dB-! Imit-exceeded 
service request 


Recall state of U to display 
(0 or 1) 


Disable service request at 
measurement completion 


Enable service request at 
measurement completion 


Recal! state of V to display 
(0 or 1) 


Disable display Indication 
hold 


Enable display Indication 
hold 


Display measurement In power 
Display measurement In dB 
Enable autorange mode 


Enable hold-range mode 


Enter N as high dB I Imit 
(N = -99.99 to) +99.99) 


Recall low dB I ImIit 


Enter N as high dB IIimit 
(N = -99.99 to +99.99) 
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TABLE A-5. MODEL 4200 DEVICE DEPENDENT” STATEMENT SUMMARY 
Statement Description 


Recall high dB limit 


Enter N as CAL FACTOR Jn dB 
(N = -3.00 to +3.00) 


Recall! CAL FACTOR Jn dB 
Enter N as frequency as CAL 
FACTOR GHz determination 

(N = 0.1 to 999.9) 


Recall frequency for CAL 
FACTOR GHz determination 


Enter N as sensor number 
(N = 1 through 8) 


Recall! sensor number 


Enter M as channel number 
(M = 1 through 3) 


Recal |! channel number 


Enter N as dB reference 
level (N = -99,99 to +99,99) 


Recall! dB reference level 


Initiate automatic zeroing 
cycle 


Perform 1 mW automatic 
callbration 


Clear numeric entry to 0 


Zero ranges N through M 
(N = 0 through 6; 

M = 0 through 6; 

both must be used) 


Set Instrument to range N 
(N = 0 through 6) 


*% 
All other commands are controller dependent; see controller Instruction manual, 
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Figure A-1, {EEE-488 Bus Interface Option 4200-O01A Block Dtagram 


A-38. To handle data transfers between the 
Instrument data bus and the Interface data 
bus, adapter A23U4 Is similarly enabled 
through gate A23U2a by control signal CSIF 
and a low address bit A6. Address bits AO, 
Al and AS are set to select the data port of 
adapter A23U4 and signals WR and RD specify 
the write and read functions. If data Is to 
be written onto the Interface data bus, 
signal WR }s activated, thereby activating 
signal TE to buffer A23U6. Data on the 
Instrument data bus Is then transferred 
through adapter A23U4 and buffer A23U6 to the 
Interface data bus, For data transfers from 
the Interface data bus to the Instrument data 
bus, signal WR Is Inactive and signal RD Is 
active. Signal TE to buffer A23U6 Is deac- 
tivated by adapter A23U4 to reverse the 
direction of data transfer through the 
buffer. 


A-39. MAINTENANCE. 


A-40, General, The Interface board does not 
operate alone, but rather In conjunction with 
the Model 4200. If Interface operation beco- 
mes abnormal It should first be determined If 
the 4200 operates normally without the Inter- 
face, If It does, proceed according to the 
followIng paragraphs. 


A-41, Physical Inspection, Check the Inter- 


face board visually for loose or broken con- 
nectors, forelgn materlal, etc. 


A-10 


A-42. Voltage Checks. With the board 
Installed In the 4200, and all connectors In 
place, check the supply-and-!C-voltages 
according to the values shown on the schema- 
tic diagram, Figure A-2, 


A-43. Active-Device Substitution, All the 
active devices are socketed, making replace— 
ment simple. Replace each device, one at a 
time, and check for restoration of proper 
performance by the Instrument, 


A-44, Troubleshooting. An oscilloscope, 
while not the most useful tool for 
troubleshooting bus-orlented microprocessor 
systems, still! may be used to determine acti- 
vity or lack of activity on the address, data 
and control lines. 


A-45. REPLACEABLE PARTS. 

A-46. Table 6-2 lists all the replaceable 
parts and Includes; Reference Symbol, 
Description, Mfr., Mfr's Part No., and the 
BEC Part No. 

A-47. SCHEMATICS. 


A-48. Refer to Figure A2 for the 4200-01A 
schematic. 
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{EEE-488 BUS 


INTERFACE 


OPTION 4200-018 


B-1. DESCRIPTION. 


B-2. The {EEE-488 (GPIB) bus Interface 
option permits external control of the 
Instrument and data capture by a wide variety 
of compatible controllers. The Instrument 
may be operated with other GP 1B-compatible 
devices to achieve specific test automation 
goals, with no specialized control Interface 
requirements for proper electrical operation. 


B-3. Although no standard GPIB Interface 
data formats have yet been established, cer- 
tain common practices are achieving de-facto 
standard status. These practices have been 
adhered to In the design of the 4200-018 
option Interface formats and delimiters, 
thereby assuring the user of format com- 
patibility with almost all controllers. 
B-4. CAPABILITY. 
B-5. Certaln subsets of full GPIB functions 
are specified In the |EEE-488 1978 Standard, 
The Model 4200-018 option Includes the 
following capabilities: 
SHI SOURCE HANDSHAKE complete capability 
AHI ACCEPTOR HANDSHAKE complete capability 
T6 BASIC TALKER, SERIAL POLL, 

UNADDRESS IF MLA, 

NO TALKER ONLY capability 
TEO NO EXTENDED TALKER capability 


L4 BASIC LISTENER, UNADDRESS IF MTA, 
NO LISTENER ONLY capabil!ity 


LEO NO EXTENDED LISTENER capabl lity 
SR1 SERVICE REQUEST capability 


RL1 REMOTE-LOCAL capability, 
LOCAL LOCKOUT capability 


PPQ NO PARALLEL POLL capability 
DCO NO DEVICE CLEAR capability 
DT1 DEVICE TRIGGER capability 
oie) NO CONTROLLER capabl lity 


MLA 
MTA 


My Listen Address 
My Talk Address 


B-6. INSTALLATION. 


B-7. Option 4200-01B consists of Interface 
board A23. Electrical Interconnections are 

shown In Flgure 7-8. To Install the Inter- 

face board, proceed as follows: 


a. Turn off power to the Instrument, 
b. Remove the screws that secure the top 


cover of the Instrument and slide the top 
cover back and title 


c. Cut the cable tie Jn the Instrument that 
holds the extra power plug (the plug with two 
blue wires and one black wire). 


d. Remove the six screws that fasten the 
control board and replace them with the six 
mounting posts supplied with the -01B package, 


e. Position the Interface board In the 
Instrument so that the mounting holes In the 
Interface board |Ine up with the mounting 
posts In the Instrument, Attach the Inter- 
face board to the mounting posts with six 
4-40 screws and lockwashers supplied with the 
Interface board. 


f. Connect the 40 pin rlbbon connector to 
the front edge connector of the Interface 
board. 


g. Connect the power plug In the Instrument 
to the 4-pin brown connector on the Interface 
board. 


B-8,. OPERATION. 


B-9. Address Assignment, Before using the 
Instrument In the GPIB, It must be assigned a 
unique address. This address Is set using 
the five right-most sections of rear-panel 
address switch $1 In accordance with Table 
B-1. 


B-10. Message Terminator, Positions 6 and 7 
of the rear panel switch S1 permit a cholce 
of message terminators, as shown In Table 
B-2. 


B-11. Command Response. In addition to Talk 
and Listen Address commands, the Instrument 
responds to the following: 


a. Address Commands (Response If Listen 
Addressed). 


Mnemonic Name Function 

GTL Go To Loca! Enables panel 
control 

GET Group Execute Trigger a 

Trigger measurement 

b. Listen Address Group, 

Mnemonic Name Function 

UNL UnlIsten De-address as 
|! Istener 

ce Talk Address Group. 

Mnemonic Name Function 


UNT Untalk De-address as 


talker 
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TABLE B-1. AODRESS ASSIGNMENT 


Switch Setting 


*Decimal 
Address 


0 
1 


2 
5 


recognized and should not be used. 


Talk Listen 


Code 


mn Oo fF oO > ®@ 


me) 


D «oO 


Code 


<te) 


(oy Saas 


WwieeN 


5 


0 
0 
0 


Op Om 


(oj). (2) 


(sy fo) fen (=) 


4 


Oo. |6COCUFO.)6. CO COUR OL O”)h—ClC OOF CO 


0 
0 
0 
0 
0 
0 


*address 31 (11111) will not be 


om OF OFF OF vs 


2 
0 
0 
1 
1 


0 
0 


1 
0 
1 


TABLE B-2. 
MESSAGE=TERMINATOR SELECTION 


Message 
Terminator 


*with or without EO! 


B-11. (Continued). 


d. Unencoded Commands. 


Mnemonic Name Function 

1FC interface Initialize 
Clear Interface 

REN Remote Permits remote 
Enable operation 


B-12. Operating States. The Jnstrument 
operates Jn two separate states, whether In 
local or remote control. One state Is the 
measurement state, during which the Instru- 
ment performs and displays measurements; the 
other state Is the data entry/recall state, 
which Is operative during number entry or 
after recall of stored Information. When 
operating on the bus, It Js Important to 
remember that the Instrument can send only 
that Information which appears on the front 
panel display. When the Instrument Js In the 
store or recall mode, the LED display and 
annunclators blink on and off to Indicate 
that the displayed value Is not a measured 
value, 


a. Measurement Mode Functions. The 
following functions change the measurement 
mode of the Jnstrument: 


Kavname GPIB Function 
PWR MODE P Displays measured voltage 


dB MODE B Displays measured dBmV 


b. Command Functions, Table B-3 describes 
command functions, 


Keyname GPIB Functlon 


dB CAL FAC D Cal Factor Constant, In dB 


RANGE AUTO A Sets autorange mode 


RANGE HOLD O Sets range hold mode 


APPENDIX B 
OPTION 4200-018 


TABLE B=-3. COMMAND FUNCTIONS 


Hold command: 

keyboard entry, wil! remain on the display. 
The Instrument will continue to read probe jn- 
put, but will not update the display. The 
Instrument cycle time will be greatly reduced 
because of the measurement-cycle overhead that 
Is not executed during the hold command. 
Service request command: the service request 
will be Issued by the Instrument upon comple- 
tion of a measurement. 

SRQ on settled reading 

Raw-data command: the Instrument will not 
average or smooth any of the measurements. 
Limit command: the Instrument will Issue a 
service request |f any |Imit Is exceeded. If 
a limit Is exceeded and a service request Js 
Issued, the U command must be rearmed to be— 
come Bberational again. 

Trigger command: this command, Identical with 
the |EEE-488 group execute trigger, Initiates 
a measurement cycle. 


| NTERFACE CLEAR and DEVICE disarm 911 the above commends CLEAR and DEVICE disarm all the above commands. 


B-12. (Continued). 
b. Command Functions. (Continued), 
Keyname GPIB Function 


GHz E Interpolates Freq/Cal 


Factor Table 
SEL AVERAGE OX Sets auto average 
nX Sets select average 
(n = 1-127) 
c. Service Request Status Codes. Service 


request status Is defined by a flve-bit code, 
as defined Jn Table B-4, 


TABLE B-4,. SERVICE REQUEST STATUS 


CH 1 low IImIt exceeding 
Ch 1 high IImIit exceeding 
Ch 2 low I! ImIt exceeding 


Ch 2 high IImit exceeding 


eb sroat ir, te pease MITT totes Ty ene FH 


the last reading, or the last 


d. Data Entry/Recal! Functions, These func- 
tions enable entry or retrieval of numeric 
constants used by the Instrument. Operation 
reverts to the measuring state after data 
storage. 


Keyname GP1B Function 

LIMITS iL Low |Imit value In dB 

dB LO 

LIMITS H High I Imit value In dB 

dB HI 

SELECT N Selects channel number 
CHNL 

dB REF R dB reference level for dB 
LEVEL dB modes 

SENS S Selects Sensor Data Tables 


e. Special Functions. Speclal functions 
Include the automatic zerolng and clear func- 
tions, 


Keyname GPIB Function 


ZERO Z Initiate an automatic 


zerolng cycle 


CLR C Clear numeric entry 
j to zero 
CAL K Performs 1 mW Auto 


Cal }lbration 
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B-12. (Continued). 


ft. IEEE-488 Bus Command Extensions. The 
following functions are added to bus opera- 
tion: 


Name GPIB Function 


Zero selected 
ranges (0-7) 


ADR.ZERO Y 


Set to selected 
range (0-7) 


SET RANGE G 


These commands must be preceded by an 
appropriate argument, The argument for Y Is 
the span of ranges to be zeroed; for example: 
26Y specifles zeroing of ranges 2 through 6. 
If only one range Is to be zeroed, the argu- 
ment must beqin and end with the same code 
(e.qg., 11Y to zero only range 1). The argu- 
ment for G Is the range number (0 = 10 nW to 6 
= 10 nW for 4200-4 sensors) to be set. From 
execution of the Y command to measurement 
mode, the maximum time Js as follows: 


Command Time Command Time 


OOY 2.3 seconds 04Y 3.8 seconds 
O1Y 2.9 seconds O5Y 4.0 seconds 
02Y 3.3 seconds O6Y 4.3 seconds 
O3Y 3.5 seconds 


The "Y'" command allows no walt time for a 
sensor to reach a stable zero before actual 
offset storage occurs, 


NOTE 


The G command sets the 4200 to an Internal 
range which may not correspond to the range 
code output In the data string Jn Paragraph 
B-21. The table below relates Internal and 
apparent range codes: 


LEVEL INTERNAL APPARENT 
+10 dB 10 mW = - 
6 
+6 dB 3.98 mW? = 
0 dB 1 mW 6 - 
5 
-10 dB 100 Ww -5- 
-11 dB 79.4 wW - 
4 
-20 dB 10 pW -4- 
-21 dB 7.94 UW - 
3 
-30 dB 1 uw -3- 
-32 dB 631 nW = 
2 
-40 dB 100 nW Soe 
-42 dB 63.1 nw - - 
1 
-50 dB 10 nW - 10 
-52 dB 6.31 nw - + 
-60 dB | nw 0 - 
+ 


For the series 4 and 5 sensors add 10 dB to 
the Internal and apparent levels. 


For the series 6 sensor add 20 dB to the 
Internal and apparent levels. 


g. Bus Availability. When the Model 4200 

Is sent a string, It does not normally tie up 
the bus while responding to the string; other 
bus communications are possible during the 
Interval, The 4200 can Inform the 

controller when It Is finished by use of the 
Service Request see paragrpah B-12d, I¥ this 
Is desired, 


The Model 4200 can, however, be made to lock 
up the bus while It Is responding to a string 
- |f such action Js desired - by sending It 
two strings In succession (even Jf the second 
string Js only a Null command). 


Example: A "zero" command: wrt 716,"Z" 
Followed by a "talk" command: red 716,A,8,C 


B-13. TIME RESPONSE CHART. 


Refer to Tables 1-3 for the Model 4200 sensor 
measurement through the IEEE-488 Bus, 


B-14, REMOTE PROGRAMMING. 
NOTE 


It Js assumed that the user Js acquainted 
with GPIB principles and terminology. Refer 
to the controller Instruction manual for the 
syntax needed to create specific bus commands 
and addressing sequences. AI! examples given 
apply to the HP 9825 calculator, 


B-15. Bus Programming Syntax. The bus 
programming syntax mirrors the front-panel 
keystroke sequence closely. Each key has 
been assigned an alphanumeric character and 
sending that character Is equivalent to 
pressing that front-panel key. The resulting 
operation Js Indistingu}shable from local 
control, Numerscal values are translated by 
the GPIB Interface so that commonly observed 
formats may be used, Fixed formats and 
floating point formats may both be used, 
These representations are converted to their 
equivalent fixed point values and the sign 
Information Js post-fixed automatically, 
thereby ensuring that natural notations for 
numbers will be accepted by the Instrument, 


B-16.. Suppose that Jt Is desired to set the 
Instrument to the PWR mode. The HP $825 
calculator could be proaqrammed: 


wet 7t6, "Pe" 


The "wrt" Instructs the calculator to send 
data on the bus to one or more | Isteners. 

The number following Is the address Infor- 
mation; 7 Js the calculator address and 16 Is 
the Instrument address. (all examples Jn 
this appendix will use 16 as the Instrument 
address, although any valld address can be 
assIgned to the Instrument.) When the calcu- 
lator Jnterprets the first part of the !Ine, 
It will assert the ATN IIne to signify that 
commands or addresses wlll be sent on the 
bus. FollowlIng that, It wlll send three 


B-16, (Continued). 


bytes or characters: Unllisten, the calcula- 
tor Talk Address and the Instrument Listen 
Address, This Information will conflIgure 
both the calculator and the Instrument for 
the data transfer, After the last command 
byte has been accepted, ATN will be released 
to the false state by the calculator. All 
Information on the bus Js Interpreted as 

data In this mode, While In the data mode, 
the calculator wll! send the character "P" to 
the Instrument. At the Instrument, this wlll 
be Interpreted as equivalent to pressing the 
MODE PWR key and that function will be exe- 
cuted. Because there Is no more data to be 
sent, the calculator will send a delimiter 
(the preselected ASCII code for the ter- 
mination character). The Instrument recogni- 
zes the termination character as an 
end-of-message signal and returns to the bus 
Idle condition, 


B-17, The preceding discussion of the 
sending of a single programming byte serves 
to Jl lustrate two Important polnts: every 
data transfer Is preceded by a 
command/address preamble and each transfer Js 
terminated by a termination character, In 
the preceding example, six characters were 
sent on the bus; only one was a programming 
byte. 


B-18. The measurement mode functions (P, B, 
A, 0) and the speclal functions (Z, K) do not 
expect any numersc value, These functions 
all execute as recelved. For example: the 
following will program dB and autorange mode: 


wrt 716, "BAT 
or 
wrt 716, "AB" 


Note that the sequence Is unimportant, except 
that each function executes In the order |/t 
Is recelved on the bus. 


B-19. Suppose that the Instrument Is to be 
zeroed automatically, and then asked to send 
the reading In the PWR and RANGE AUTO mode, 
The HP 9825 calculator could be Instructed as 
follows: 


WETS7 IG MAPLE 
red 716, N,°S 


The automatic zeroing cycle time Is approxi- 
mately 10 to 22 seconds, depend-Jng on range, 
Until! zeroing Is com-pleted, the instrument 
wlll be unable to respond with new data. The 
first IIne of the preceding Instructions sets 
the operating mode and Jnitiates the zeroing 
cycle, The last I|Ine reads the response from 
the Instrument. The Instrument response con- 
sists of two numeric values: the first value 
Is the front pane! reading and the second Js 
a status value (normally zero). These two 
numbers wil! be stored Jn the calculator 
varlables (storage locations) V and S. Note 
that each data transmission from the Instru- 
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ment consists of two values. When the status 
value Is non-zero, Indicating an error con- 
dition, the data value will be set to zero, 
The program will normally test the status 
value to assure valid operating conditions, 


B=-20. Store/Recal! Functions Syntax. The 
general syntax for store/recall functions Is 
the same as the front panel sequence; Jf a 
numeric value Immediately precedes the func- 
tion, that value will be stored; otherwise, 
the existing stored value will be recalled to 
the front panel, These functions (L, H, D, 
F, S, N, R, J, U, VY) thus operate In a dual 
mode, When the Instrument Is Jn the store or 
recall mode the display will biink to IndI- 
cate that the Instrument Is not Jn the 
measurement mode, The Instrument Js returned 
to the measurement mode by sending any of the 
following: 0F; 8, A,.C,..1 , stu w elt GO, 00) 
1VenOVe Rn UROGe OU 


B-21. Suppose that It Is desired to stora 
the current power Jevel Jn dBm Into the dBm 
reference so that all future readings will be 
referenced to the current value. Allowance 
must be made for the possIibility that the 
current value Js a dB relative value, To do 
this, the current dB value must be read, the 
existing dB reference must be recalled, the 
true dBm value must be computed and this 
value must be stored into dB reference, The 
calculator could be Instructed as follows: 


GeaqnwG,eNy 9 
wrt 716, "R*" 
rede l6 9 xeS 
Wate Xn ¥: 

wrt 716, Y, "R" 


Note that R Is used twice In the program, the 
first time to obtain the existing value for 
the dB reference and the second time to store 
the computed value. Also, note that the two 
read statements (red) each fetch a different 
value, the first value Is the power value In 
dB and the second Js the dB reference, 


B-22. Output Data Format. The data 
output of the Instrument consists of two 
numeric values, The first Is the 
numeric data Jn the display and the 
second }s the status Information, The 
normal data output will have the 
following format: 


abesddddEsd, S, R (tc) 
Where: 
ab = mode (power In milliwatts = PW; 
dB = DM; dBr = DR) 
c = channel (A = 1; B = 2; C = 3) 
Ss = sign (+ or -) 


dddd = data (four digits, each digit 
0-9) 


Esd = exponent, sign, digit 


» = data delimiter 


APPENDIX 
OPTION 4200-01B 


TABLE B-4, 


0 <-50 dBm <-40 dBm 
1 <-40 dBm <-30 dBm 
2 <-30 dBm <-20 dBm 
3 <-20 dBm <-10 dBm 
4 <-10 dBm < 0 dBm 
5 < 60 dBm €+10 dBm 
6 <+10 dBm 


S = status digIt: 
0 = no error 
1 = entry too small 
2 = entry too large 
3 = measurement under range 
4 = measurement over range 
5 = zero acquisition out of 
range - excessive positive 
offset 
6 = zero acquisition out of 
range - excess|ve positive 
offset 
7 = channel 3 over/under range 
R = Range Code, coded per Table B-4 
tc = termination character 
B-23. Hold Indication Function Syntax, The 


Hold Indication function, when enabled (10), 
automatically does a measurement cycle 
following Its receipt and then holds the 
Indication until receipt of a T, 0Q or 
another 1Q command. It Js Intended primarily 
for use with the Trigger or Group Execute 
Trigger commands, Following its receipt, the 
Instrument continues to measure but does not 
update the display. This can be use-ful 
where response time Is Important since 
display-update time Is eliminated until} 
called for with a Trigger (T) command; 
another 1Q command will also update the 
display and maintain the hold Indication 
function; a 00 command wil! update the 
display and negate the hold Indication func- 
tion. 


B-24. SRQ Function Syntax. The controller 
can command the J|nstrument to pull the SRO 

|! Ine true after each measurement. The syntax 
for thls command Is 1S and 2S, To command 
the Instrument not to pull the SRO line true 
after each measurement the syntax Js OS. 

To command the Instrument to pull the SRQ 

| Ine true after each settled reading the syn- 
taxes) s: 2S. 


B-25. Measurement Trigger Syntax. The 
Trigger (T) command Js an addressed command 
(wrt T16,"T"), used to trigger a measurement, 
and J}s generally used In conjunction with the 
Hold Indicatlon function (Q). (Refer to 
paragraph B-23.) The Instrument Js also 
responsive to the unaddressed Group Execute 
Trigger (GET) command. This command Js 
asynchronous and may result In a slJghtly 
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RANGE CODES FOR YARIOUS SENSORS 


Range Sensor Type 
Code 4200-4E 4200-5E 4200-5E 4200-7E 4200-8E 


<-30 
<-20 
<-10 
< 0 
<+10 
<+20 


dBm <-20 dBm <-10 dBm 
dBm <-10 dBm < 0 dBm 
dBm < O dBm 

dBm <+10 dBm 

dBm 

dBm 


faster response time than the T command, 
which Js executed only once each measurement 
cycle, 


B-26. Limit Service Request. This command, 
when enabled, will result In a service 
request by the instrument when elther dB 
limit (high or tow) of either channel 
(channel 1 or channel 2) Is exceeded. The 
limit exceeded and the channel can be deter- 
mined from the service request byte as shown 
below: 


NOTE 


Bit 6, when set, Is the service request, 


Bit Limit Exceeded 
e-em e 
X1XXXXOV Channel 1 low IImit 
Ao XA A EO Channel 1 high limit 
KM X XO Wl Ker Channel 2 low limit 
Kia bghanX pla Os%0X Channel 2 high IImit 
B-27. Average Function Selection. To reduce 


the effects of noise, spurlous components, 
etc. at lower levels, the Model 4200 employs 
signal averaging. The amount of averaging Is 
a function of signal level, being highest on 
the lowest ranges and least on the highest 
ranges. When the Instrument Is first turned 
on a set of default values Js asslgned as 
fol.lows: 


FSyLEVEL RANGE CONSTANT 
10 mW 6 1 
1 mW 5 1 
100 uw 4 1 
10 WW 3 2 
1 uw 2 4 
100 nW 1 20 
10 nW 0 80 
B-28. Increasing or decreasing these values 


may be accomp!Ished by sending the Instrument 
N (N=1 to 127) and then X, This new constant 
will now be In effect on all ranges and wil! 
remain In effect untI! changed by entering a 
different value, or until.OX Js sent to the 
Instrument, or the Instrument Js turned 
OFF/ON, after which the default values will 
be again be In effect, The value of the 
constant Jn effect can be recalled by sending 
the Instrument X, The default values when In 
the AUTO mode cannot be recalled, the Instru- 
ment wil! return a 0 to Indicate the AUTO 
mode. 


B-29, Typical Application. Suppose that It 
Is desired to measure Insertion loss or gain 
with an Instrument equipped with option 
4200-03, channel! 2 measures Incident power 
and channel 1 measures output power. The 
program, shown below, will request reference 
conditions and wait for the user to set them 
up. Following establishment of the 
reference, the program will loop on Insertion 
loss/gain measurements, Each measurement Js 
triggered by the user, Zeroing Is prompted 
In the local mode at the beginning of the 
program, Reading errors, should they occur, 
will be signalled by a double beep from the 
calculator; normal measurements will give a 
sIngle beep. There will be one print IIne 
per measurement. The reference value Js not 
printed Jn this example. 


Program Variable Usage: 
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ditions are established with a short at the 
test port of the directional coupler, 


B=31. 


Use of Hold Measurement (Q), Trigger 


(T) and Measurement Complete-SRQ (V) 


Commands, 


An example of the use of these 


commands using an HP85 Controller, Boonton 
Electronics Model 1020 Signal Generator and 
Model 4200 RF Microwattmeter follows: 


Statement Comment 

10 ! TQVCHK Program name 

20 REMOTE 7 @ Enable remote; clear 
CLEAR display 

30 OUTPUT 703; Set Model 4200; chan- 


"INTSOOOROQOVAB ne! 1 sensor 1, O CAL 
FACTOR dB, O REFER- 
ENCE dB, no hold 
Indication, no 


Program Statements 


P: = power measurement value 
R: = range value 
S: = status value 
Z: = dummy Jnput for pronpts 


Comments 


Oe tela 7, /clear Jnterface 
1: ent "zero chl, /prompt for zeroing 
PAVE 
2: ganem, 7, /enable remote 
Bi RTA PAE /0 dBref, auto - set 
"TNAORZNAOR3N" ch 3 
4: ent "ref /prompt to set up 
measure",Z ref 
5: red 716,P,S,R /read ref value, status 
(SIP ME SEO Fe Kio} /test status 
SeEror™ ,.5; 
beep; gto 4 
7: Wit J 16, !01N, /set ch 1 dBref =P 
P,"R3N" 
8: beep;ent /prompt for measurement 
"measure" ,Z 
9: red 716,P,S,R /read measurement, statu 
eno? Orn. aSD /test status 
NOrGOG. sos 
beep;walt 100; 
gto 8 
AN Piraeus |e tie /print measurement 
gto 8 
12: and 
B-30. The program In paragraph B-25 also 


measures reflection coefficijent |f channel 1 
measures reflected power and channel 2 


measures |ncldent power. 


The reference con- 


40 OUTPUT 702; 
™ 1MHOLOON" 


50 OUTPUT 703; 
Le qu 


60 OUTPUT 702; 
"OL-10" 


70 ENTER 703: A 


80 PRINT A 


90 DISPLAY "PRESS 
CONTINUE FOR T 
COMMAND" 
100 PAUSE @ BEEP 
110 OUTPUT 703; 

W T" 


120 ENTER 703; A 


130 PRINT A 


140 OUTPUT 703; 
nQgr 


150 DISP"PRESS 
CONTINUE FOR 1V 
COMMAND" 

200 PAUSE @ BEEP 


210 OUTPUT 702; 
"NOLO" 


220 WAIT 1000 


measurement—complete 
SRQ, autorange mode, 
dB display mode 


Set Mode! 1020; 1 
MHz, output level of 
0 dBm, output on 


Set Model 4200 to 
hold Indication mode 


Set Mode! 1020 to -10 
dBm {evel 


Read model 4200; 
store In A 


Print model 4200 
Indication 


Display prompt on 
Model 85 


Stop program; Issue 
beep (press continue) 


Send T (trigger com- 
mand) to Model 4200 


Read model 4200 
Indication; store In A 


Print model 4200 
Indication 


Set Model 4200 for 
Indication-hold, auto 
range mode, dB mode 


Display prompt on 
Model 85 
Stop program; Issue beep 


Set Model 1020 to 10 
dBm output 


Walt 1 second for 
settied Indication 
on 4200 
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B-31, (Continued) 
Statement 


230 ON INTR 7 
GO TO 290 


240 OUTPUT 703; 
wyyi 


250 WAIT 200 


260 ENABLE INTR 
Tats! 

270 ON TIMER #@L, 
5000 GO TO 
370 


280 GO TO 280 


290 OUTPUT 703; 
noyn 


295 WAIT 200 


300 S=SPOLL(705) 


310 IF BIT(S,6)<>1 
THEN GO TO 
370 


320 PRINT 
"MEAS-COMP = 
SRO" 

340 DISP"PRESS 

CONTINUE FOR OV 

COMMAND" 


550° PAUSE @eBEEP 


360 GO TO 260 


370 PRINT'NO-MEAS= 
COMP-SRO" 


380 PRINT "DONE" 


In the above examp 
addresses area: 


Device Add 
HP Model 858 

BEC Model 1020 
BEC Mode! 4200 


The sequence of ev 
program are as fol 


Comment 


lf Interrupt occurs, 
branch to 290 


Set Mode! 4200 to 
Issue a SRO at com 
pletion of measure- 
ment 


Wait 0.2 second 


Enable SRO Interrupt 
In Model 85 


If no }Jnterrupt Js 
recelved Jn 5 se=- 
conds, branch to 370 


Wait for Interrupt 
(or escape after 5 
seconds - step 270) 


At Interrupt, set 
Model 4200 to no- 
measurement—comp lete 
SRO 


‘Walt 0.2 seconds 


Store result of 
serlal poll of Model 
4200 In S 


If bit 6 (SRQ bit) of 
Model 4200 service 
request byte does not 
equal 1, go to 370 


If bIt 6 does equal 1 
(SRO bit) print 
"MEAS=COMP-SRQ" 


Display prompt on 
Model 85 


at 


Stop program; |ssue 
beep 


Go to 260 


There has been no 
service request 


Check Is complete; 
print "DONE" 


le, the device 


ress. 


7 
2 
3 


ents In the above 
lows: 


HP85 
Controller Comments 
RUN The model 4200 will read the 


generator level of approxima- 
tely 0 dBm and this will be 
printed by the model 858; the 
Mode! 1020 generator wilt 
change Its ltevel to -10 dBm but 
the Model 4200 will not change 
Its Indication sInce It Is In 
the hold-indication mode; 
program stops at pause and 
waits for "CONTINUE" on 


Model HP85, 

CONT I NUE This Issues a T (trigger) com- 
mand to the Model 4200 which 
now changes to approximately 
-10 dBm; this Is printed by the 
Model HP85. 

CONTINUE This Initiates a sequence In 
which the measurement=-comp! ete- 
SRO Is enabled. 

CONT I NUE This Initiates a sequence Jn 


which the measurement—comp | ete— 
SRO has been disabled. 


B-32. Model 4200 Device Dependent Statement 
Summary. Refer to Table 8-5, 


A-33. Sealed System Operation, When Jn 
sealed system operation (selected by the 
control board bit switch) the Instrument wll] 
power up Jn the operate mode but, by the use 
of the proper GPIB commands this Jnstrument 
can be placed In the DC or AC modes to allow 
calibration of the Instrument over the bus 
without removal from the system rack. The 
GPIB commands are: 


Operate Mode 80m" 
Calibrate Mode 1 (DC Cal) "8 Im" 
Callbrate Mode 2 (AC Cal) "82m" 


B=-34. THEORY OF OPERATION, 


B-35. General, Interface board A23 Js a 
microprocessor-driven data |nterface which 
converts !EEE 488 bus compatible signals Into 
control codes that operate the Internal 
control bus of the Instrument. It also con- 
verts Instrument data Into IEEE 488 com— 
patible slgnals for use on the bus. AI! data 
transfers are handled by source and acceptor 
protocols defined by |EEE-488-1978,. 


B-35. Detailed Description. Refer to Figure 
B-1. All data manipulation and |JEE&-488 bus 
management are controlled by CPU A23U7 In 
conjunction with a milcro-program stored Jn 
PROM A23U8, All data transfer 1s handled In 
parallel to parallel mode by adapter A23U16. 
Latch A235U15 handles transfer of bit switch 
data that defines the Instrument address and 
message term/nation characters to the Instru- 
ment data bus, Bi-directional buffers A23U17 
and A235U18 handle data and control sJgnal 
transfers, respectively, between adapter 
A2316 and the Interface buses, The Ram 
memory AZ23U11 Is used by the CPU for tem- 
porary storage of program varlables during 
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62473 


Figure B-1. JEEE-488 Bus Interface Option 4200-01B Block Diagram 


B=36. (Cont}nued). 


program execution, A23U14 the program timer 
Is only used by the -06 MATE option for 
timing required under CI1IL operation, A23U1 
and A23U2 the programmable peripheral Inter- 
faces form a "mallibox" for data transfer bet- 
ween the Instrument and Jnterface address, 
control, and data buses. 


B-37. When the Instrument Js furned on, or 
when the supply voltage goes low, the supply 
voltage supervisor A23U5 keeps the reset IIne 
active until the power supply voltage haas 
reached jts nominal voltage value, thereby 
resetting the CPU A23U7 and clearing the 
adapter A23U16. 


B-38. Instrument address and message ter- 
mination character data that Js preset by 
bIt switch A23S1 Is supplied to latch A23U15. 
To read the switch data, address bits AB4, 
AB5, and control sJanal ace activated 
producing slgnal BSW and enabling the latch 
output. The switch data Js then transferred 
through the latch to the Interface data bus. 


B-39. To read Incoming Interface contro! 
signals, the CPU activates slgnals IORD and 
sets address bit AB4 low, The Interface 
contro! signal port of adapter A23U16 Is 
selected through address bits ABO, ABI, and 
AB2. Adapter A23U16 ‘Is enabled through 
decoder A23U12, Because sIgnal TORD Is 
active, signal TE supplied by the adapter to 
buffer A23U18 Is Inactive and this buffer Is 
set up for data transfer from the Interface 
control signal bus to the control signal port 
of adapter A23U16, Incoming Interface 
control signals are transferred through 
buffer A23U18 and adapter A23U16 to the 
Instrument data bus. Clocking of adapter 
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operations Is controlled by the clock signal 
ZCLK which Is generated by A23U4b and divided 
by A23U6. ZCLK also suppites the required 
clock to the CPU A23U7. Interface control 
signal transfer In the opposite direction Is 
achieved by reversing the states of signals 
TORD and TOWR. An active IOWR causes signal 
TE to buffer A23U18 to become active, 
thereby reversing the direction of data flow 
through the buffer, Interface control 
signals from the Interface data bus are then 
written onto the Interface control bus 
through adapter A23U16 and buffer A23U18. 


B-40. To handle data transfers between the 
Interface data bus and the Interface connec- 
tor A23J2, adapter A23U16 Is simi larly 
enabled through decoder A23U12 by low address 
bit AB4. Address bits AO, Al, and A2 are set 
to select the data port of adapter A23U16, 
and signals |OWR and IORD specify the write 
and read functions. If data Is to be written 
to the Interface connector A23J2 signal TOWR 
Is actlvated, thereby activating signal TE to 
buffer to buffer A235U17. Data on the Inter- 
face data bus Js then transferred through 
adapter A23U16 and buffer A23U17 to connector 
A23J2. For data transfers from connector 
A23J2 to the Interface data bus, signal 1!ORD 
Is Inactive and signal TORD Is active. 

Stgnal TE to buffer A23U17 Is deactivated by 
adapter A23U16 to reverse the direction of 
data transfer through the buffer, 


B-41. MAINTENANCE, 


B-42, .General. The Interface board does not 
operate alone, but rather In conjunction with 
the Model 4200. If Interface operation 
becomes abnormal It should fJIrst be deter- 
mined If the 4200 operates normally without 
the Interface. If It does, proceed according 
to the followlng paragraphs, 


B-43. Physical Inspection, Check the Inter- 
face board visually for loose or broken con- 
nectors, unseated IC's, foreign material, 
etc. 


B-44, Voltage Checks. With the board 
Installed In the 4200, and all connectors in 
place, check the supply - and IC - voltages 
according to the values shown on the schema- 
tic diagrams, Figures B-2, B-3, and B-4, 


B-45. Active-Device Substitution, All the 
active devices are socketed, making replace- 
ment simple. Replace each device, one af a 
time, and check for restoration of proper 
performance by the Instrument, 
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B-46. Troubleshooting. An oscilloscope, 
while not the most useful tool for 
troubleshooting bus-oriented microprocessor 
systems, still may be used to determine acti~ 
vity or lack of activity on the address, data 
and control IInes. 


B-47. REPLACEABLE PARTS. - 
B-48. Table 6-2 |Ists all the replaceable 
parts and includes; Reference Symbol, 
Description, Mfr., Mfr's Part No., and th 
BEC Part No. 4 
B-49, SCHEMATICS, 


B-50. Refer to Figures B2, B83, and B4 for 
the schematics for the 4200-01B Option. 
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TABLE 8-5. 
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MODEL 4200 DEVICE DEPENDENT” STATEMENT SUMMARY 


Statement Description Statement Description 


a. Trigger a measurement 
Enable data averaging 
Disable data averaging 


Recall state of J to display 
(O or 1) 


Disable dB-| Imi t-exceeded 
service request 


Enable dB-I Imi t-exceeded 
service request 


Recall state of U to display 
(0 or 1) 


Disable service request at 
measurement completion 


Enable service request at 
measurement completion 


Enable Service Request on 
settled reading 


Recall state of V to display 
(0 or 1) 


Disable display Indication 
hold 


Enable display Indication 
hold 


Display measurement In power 
Display measurement In dB 
Enable autorange mode 
Enable hold=range mode 


Enter N as high dB limit 
(N = -99.99 to +99.99) 


Recall! low dB IimIt 


Enter N as high dB IImIt 
(N = -99,99 to +99,99) 


Recall! high dB I imit 


Enter N as CAL FACTOR jn dB 
(N= =3,00 fo +3500) 


Recall CAL FACTOR In dB 
Enter N as frequency as CAL 
FACTOR GHz determination 

(N = 0.1 to 999,9) 


Recall frequency for CAL 
FACTOR GHz determination 


Enter N as sensor number 
(N = 1 through 8) 


Recall! sensor number 


Enter M as channel number 
(M = 1 through 3) 


Recal! channel number 


Enter N as dB reference 
level (N = -99.99 to +99.,99) 


Recall dB reference level 


Initiate automatic zeroing 
cycle 


Perform 1 mW automatic 
calibration 


Clear numeric entry to 0 
Zero ranges N through M 
(N = 0 through 6; 

M = 0 through 6; 

both must be used) 


Set Instrument to range N 
(N = 0 through 6) 


Enables auto average 


Enter N as number of samples 
to average 


* 
All other commands are controller dependent; see controller Jnstruction manual, 
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NOTES: 
1. CAPACITOR VALUES IN UF UNLESS OTHERWISE SPECIFIED. 


2. RESISTANCE VALUES IN OHMS UNLESS OTHERWISE SPEC. 


3. USE JUMPER "A" WHEN UII IS A 2K ROM. 
USE JUMPER "B" WHEN UII IS A 8K ROM. 


4. LAST NUMBER USED: RS,CI2,UI8, J4 
NUMBERS NOT USED: RS, RG, R7; C4,C5; US. 
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Figure B-3. A23 Interface PC Board Schematic 
Sheet 2 of 3 
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Figure B~4, A23 Interface PC Board Schematic 
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INPUT CHANNEL 2 
OPTION 4200-03 


C-1. DESCRIPTION. 


C=-2, Option 4200-03 provides an additional 
measurement channel (channel 2) that I{s 
completely sImlilar to channel 1 except for 
mounting and {nput connector location. The 
Input channel 2 connector for this channel Is 
mounted on the rear panel of the Instrument. 
With this option Installed, measurements may 
be made on each channel Individually, or both 
channels can be monitored automatically and 
the difference In dB displayed. This option 
consists of an Input module, complete with 
chopper, that connects to the 40 IIne bus and 
has Its own power connector. Connections are 
shown In Figure 7-8, 


C-3. INSTALLATION AND REMOVAL. 


C-4. To Install and remove the Input Channel 
2 Option, proceed as follows: 


ae Turn the Instrument bottom up. Remove 
the screws that secure the bottom cover and 
slide the bottom cover back and off. 


b. Install the rear {nput connector at the 
left sIde of the rear panel, 


c. Oress the cable from the rear Input con- 
nector down the left side frame of the 
Instrument (as vlewed from the bottom of the 
Instrument) and across the front sub panel, 
The cable will run below the module belng 
Installed. 


d. Secure the cable grounding lug under the 
uppermost, right-most binder-head screw 
(6-32) In the front sub-panel. 


e. Install! the channel 2 Input module and 
secure It to the side frames of the Instru- 
ment with the four screws suppl led. 


f. Remove the four corner screws that secure 
the channel 2 Input module cover and remove 
the cover, 


g. Plug the chopper Into the channel 2 Input 
module, seating the chopper firmly. ‘ 


h. Connect the 40 pin rlbbon cable connector 
to the front edge connector of the channel 2 
Input module, 


1. Connect the power cable suppilted to the 
power supply (position 8) with the black lead 
on the right side (as viewed from the botton 
of the Instrument), and to the Input module 
(rear) with the black lead on the right. 


NOTE 


Avold reversal of the two ends of this cable; 
there Is lead transposItion. 


je Install! the channel 2 Input module cover 
that was removed In step g. 


k. Install the side covers and the bottom 
cover removed In steps a and b. 


1. To remove the channel 2 Input module, 
reverse the above procedure, 


C-5. OPERATION. 


C-6. When option 4200-03 Is Installed, each 
of the two Input channels may be operated 
with any of up to elght sensors, Channel and 
sensor data entered through the keyboard are 
selected as a set; that Is, once a channel 
selection followed by a sensor selection has 
been made, subsequent salection of that chan- 
nel causes selection of that sensor automatI- 
cally. Subsequent selection of that sensor 
through the keyboard, however, does not cause 
automatic selection of that channel, Sensor 
assignment to a particular channel can be 
changed at any time by selecting the channel 
through the keyboard, then making another 
sensor selection through the keyboard. 

C-7. Channel 1 and channe! 2 operating pro- 
cedures are baslically the same as those 
described In Section 1! of thls manual. A 
channel! 3 mode of operation may also be 
selected. In channel 3 mode, the {nput 
levels to channels 1 and 2 are both monI- 
tored, and the difference between the two 
Inputs, In dB only, Is displayed on the 
Instrument LED dIisolay. The following para- 
meters selected for channels 1 and 2 prior to 
selection of the channel! 3 mode remaln opera- 
tive for channel 3 modé operation: 


a. Autoranging or range hold (for each chan- 
nel). 


b. Limits (for each channel). 

c. dB reference levels (for each channel). 
d. Sensor selection, 

e. Zeroing. 

f. Callbration. 


C-8. When channel 3 mode has been 
selected, the following keys are Inactive: 


Deecen. 

Beer GALS 

Come MODES PWR s 

d. MODE dB (autcmatically In thIs mode). 
e. dB LIMITS LO and dB LIMITS HI. 

fe CS REF LEVEL dB, 

g. CAL FACTOR dB, 

In channel 3 mode, the Instrument does 
respond to a CAL FACTOR GHz key command, 
applylng the stored callbration factor for 
each selected sensor for that frequency. 
(Refer to Tables 5-19, 5-20, 5-21 and 5-22.) 
For a description of recorder output In the 


Channel-3 mode, see page 3-13, paragraph 
3-33c. 
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C-9, MAINTENANCE. 


C-10. The: procedures used to Isolate 
malfunctions to the channel 2 Input module 
are similar to those described for the chan- 
nel 1 Input module In Section V. (Refer to 
paragraph 5-22.) Signature analysis tech- 
niques are used to Isolate defective parts on 
the channel 2 Input module. For convenlence, 
the signature analysis Information for the 
channel 2 Input module {s Included In Section 
Vv. (Refer to Tables 5-19, 5-20, 5-21 and 
5-22.) 


C-44, REPLACEABLE PARTS. 


C-45, Table 6-2 I!Ists all the replaceable 
parts and Includes; Reference Symbol, 
Description, Mfr., Mfr's Part No., and the 
BEC Part No., for the channel 2 Input module 
which Is Identical to the channel 1 Input 
module P/N 04223001B. 


C-46. SCHEMATICS. 


C-47. Refer to Figures 7-6, Sh 1 and 2 Input 
Module Board A6 Schematic Dlagrams for the 
channel 1 and channel 2 schematics and parts 
location dlagram, 
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OPTION 4200-04 


D-1, DESCRIPTION, 

0-2. Rear Input option 4200-04 provides a 
second power sensor connector on the rear 
panel for those applications where sensor 
connection to the rear of the Instrument may 
be more convenlent. The second power sensor 
connector Is connected In parallel with the 
front panel SENSOR connector. Refer to 
Figure 7-6, 


D-3. OPERATION, 


D-4, To operate an Instrument equipped with 
the 4200-04 option, connect the power sensor 
cable to elther the front panel or rear panel 
Input channel 1 connector, as des!red, and 
affix the shleld supplled with the option to 
the unused connector, Then, proceed with 
operation as descrIbed In Section !1 of the 
4200 manual, 


NOTE 
Do not attempt to use both Input’ connectors 


at the same time; use only one and make sure 
that the shield Is affixed to the other, 
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OPTION 4200-06 
APPENDIX E 
INTERNAL TMA (MATE) 
OPTION 4200-06 
E~1. DESCRIPTION. ditions preset during power-up. When the 
system controller places the 4200-06 Into the 
E-2. The 4200-06 option provides |EEE-488 REMOTE mode, the above InIitlallzatlons wlll 
programming syntax which conforms to MATE be restored, All panel controls are Inopera- 
System Control Interface Standard. The pro- tive while the 4200-06 Is Im REMOTE mode, 


tocol Is the CIIL subset of the ATLAS control 


language. 


E-3. The 4200-06 option consists of the 
Items | Isted In Table E-1, 

E-4. MATE CONFIGURATION. 

E-5. The 4200-06 option allows two maln 
modes of operation, selected by BIt Switch 8 


of the Interface Board BIt Switch as |Isted 
In Table E=2, 


E-6. The MATE/natIve mode selection Is made 
durlng power-on InIitlalizatlon. To change 
mode, the Instrument must be turned off 
before BIt Switch 8 Is changed. When power 
Is re-applled, the new mode wlll be In 
effect. 


E-7, 
compatIble mode, the actIlve channel 
the followIng conditions: 


When the 4200-06 powers up In the MATE 
Is set to 


a. d&m Mode 

b. Autorange Mode 

c. High dB Limit = 99.99 

d. Low dB Limit = -99,99 

e. Raw data flag cleared 

E~8. While the 4200-06 Is In IEEE-488 LOCAL 


functions are avallable fo 
Thls Includes all of the con- 


mode, al! panel 
the operator. 


TABLE E-1,. 4200-06 Option Items, 


E=-9 e 
operation lf the second-channel hard 
Installed. Attempts to access a non 
channel wit! generate an Illegal cha 
error message. The first channel Is 
addressed as :CHO or :CHOO, and the 
as :CH! or :CHOl. 

E-10. OPERATION. 

E-11. Users of this option must be 
with the MATE standard, Only the sp 


The 4200-06 option supports two-channel 


ware Js 
-exIstent 
nnel 


second 


fami | lar 
eclflc 


Clil commands and protocols applIcable to the 
4200 are discussed In thls supplement. 

E-12. A MATE measurement consIsts of the 
following operations: 

a. SETUP: FNC command 

b. CLOSURE: CLS command 

ce. INITIATION: INX command 
dopeResUGTECETCH: FTH command 

e. DISCONNECT: OPN command 

f. RESET: RST command 

E-15. Each of the first three steps (SETUP, 


CLOSURE and INITIATION) must be done In that 


sequence, An error message wlll be 


generated 


If the requisite prior steps have not been 


successfully performed. 


Item P/N Location Replaces P/N 

A23 04223500A A235 Interface 8d. A23 042317010 
1C6 53442800A A5 Control Bd. A51C6 534317000 
1C7 53442900A A5 Control Bd. ASIC7 5343 18000 


TABLE E-2. BIt Switch S1 Settings. 


BIt Switch No, 
8: 7 MOS eA Si pecs) 


Operating 
Mode 


NatIve (non-MATE) 1!EEE=488 control 


MATE compatible |EEE-488 control 


closed (Logie 0), O = open (Logic 1), X = don't care, 


as requlred. 
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E-14, SETUP. The SETUP command syntax Is as 
follows: 


FNC ACS POWR :CHn (optional IImIits) <cr><If> 


where :CHn = :CHO, :CHOO, :CHI, or :CHO1 
<cr> = ascll return, <!If> = ascl! |Ine-feed 


E-15, The optional |Imits set minImum and 
maxImum values for power, and the operating 
frequency. These IImits will default to 
values appropriate for the particular sensor 
In use, with the minimum power set to -99.99 
dBm. 


E-16. WIth the 4200-4E sensor, for example, 
the default IImIits would be: 


+10.00 dBm 
-99.99 dBm 
200 ki lohertz 


Max!mum power 
Minimum power 
Stgnal frequency 


E-17. Each I!mlt may be optionally set 
within the FNC command string. Any IImit not 
set will retain Its default value: 

Command Comment 

SRX POWR value Max power: range = PMIN 
To sensor max 

Min power: range = -99,99 
dBm to PMAX 

Use sensor determined 
defaults 

Frequency: range = sensor 
min to sensor max 


SRN POWR value 
SET POWR AUTO 


SET FREQ value 


Note: value = ascl! numerlec string, fixed or 
floating point 


LT 


E-18. If no error Is detected whlle parsing 
the FNC string, the actlve channel will be 
set as determined by the :CHn modIifler, and 
the I ImIt values wil! be effective untll a 
new SETUP or a RESET occurs, 


E-19, The followlng messages may be 
generated whlle parsing the SETUP command: 


a. No error: <sp><cr><\f> 


b. Unrecognized operand: FO7PWMOn (MOD): 
|LLEGAL NOUN/NOUN MOO, zzz<cr><\ f> 


c. Operand out of sequence: FO7PWMOn (MOD): 
ILLEGAL zzz PROGRAMMED POWERMETER <cr><It> 


d, MIssing operand(s) at end of command: 
FO7PWMOn (MOD): .JLLEGAL SYNTAX PROGRAMMED | 
RMEteR <cr><lt> 


e. Improper channel command: FO7PWMOn 
(DEY): ILLEGAL CHANNEL PROGRAMMED 
RMELER <cr><ift> 
f. Max tmum voltage out of allowable range: 
FO7PWMOn (DEV): {!LLEGAL MAXIMUM PROGRAMMED 
WERM <cr><|f> 


g. MinImum voltage out of allowable range: 
FO7PWMOn (MOD): ILLEGAL MINIMUM PROGRAMMED 
OWEN: ERE<CIEe< 


h, Frequency |Imit out of allowable range: 
FO7PWMOn (DEY): {ILLEGAL FREQUENCY PROGRAMMED 
POWERMEIER <cr><l f> 


Notes: <sp> 
n 
ZZZ 


ascl]I space 

Qor 1 

unrecognized or Illegal 
operand, truncated to 20 char, 


E-20. Errors b, c and d are general syntax 
errors, and may occur during any Improperly 
constructed command string. In the sectlons 
that follow they will be termed "syntax 
errors", and will not be separately shown, 


E-21. A special form of setup Is used to 
command the auto-zerolng cycle: 


FNC ACS ZERP :CHn <er><If> 


E-22, The measurement cycle which follows 
becomes a dummy measurement durlng which 
auto-zeroing occurs, The CLS, INX and FTH 
operations descrlbed below must stIl1 be per- 
formed to accomp!Ish autozerolng. 


E-23. CLOSURE, After successful SETUP, the 
4200 must be CLOSED. The command syntax Is: 


CLS :CHn<cr><1 f> 


E-24, The channel number must agree with the 
current active channel, as set by the FNC 
command string. If It does not, an Illegal 
channel message will be generated, 


E-25. In addition to syntax errors, the 
followIng messages may be generated: 


ae No error: <sp><cr><!If> 


b. Improper channel command: FO7PWMOn 
(DEV): ILLEGAL CHANNEL PROGRAMMED 
Ww IER <er><| 


c. Instrument not SETUP: FO7PWMOn (MOD): 
POWERMETER NOT SETUP <cr><]| r> 


E-26. INITIATION, Each measurement must be 
IN (MIENTEL I> efore any result can be obtalned, 
The command syntax Is: 


INX POWR <cr><! f> 


E-27. If no error condition Is encountered 
whlle parsing the above command, the 4200 
computes the time reaulred to complete the 
measurement and places the tIlme In the output 
buffer. The output buffer Is enabied, and 
the controller Is expected to read this vaiue 
and use Jt to determine Its 1/0 tJmeout 

1 ImIt. 


E-28. A measurement Is then Initiated. 
During thls time, the 4200 Is able to accept 
the follow-on FTH command string, but wil] 
not return data unt!! the measurement 1s 
complete, 


E-29. A speclal case for !INX Is created when 
the ZERP noun-mod!fler was used In the FNC 
command, The time required to complete the 
autozero cycle wlll be returned, The result 
phase (FTH) after autozero Is always zero, 
unless an error Js belng reported. 


E=-30. In addition to syntax errors, the 
following messages may be generated: 


a. No error: <so>dddd<cr><if> 


b. Instrument not SETUP: FO7PWMOn (MOD): 
POWERMETER NOT SETUP <cr><\| f> 


c. Instrument not CLOSED: FO7PWMOn (MOD): 
POWERMETER NOT CONNECTED <er><If> 


Note: d = ascii numeric digit (0 - 9) 


E-31. RESULT FETCH. The measurement value 
is requested by the command: 


FTH POWR <cr><If> 


E-32. The instrument will determine if a 
settled reading was possible within the 
settling time limit reported to the 
controller during the INX command, The 
measurement value is tested against the maxi- 
mum and minimum limits established during the 
SETUP command. If no errors occur, the 
reading is loaded into the output buffer; 
otherwise, an error message is loaded, 


E-~33. Execution of the FTH command also 
returns the 4200 to CLOSED and not-INITIATED 
status. Any number of successive INX — FTH 
measurement cycles may be performed while 
STiMMELOSEDS 


E-34,. In addition to syntax errors, the 
following messages may be generated: 


@e No error: <sp>0.ddddEsd<er><\l f> 


b. Instrument not SETUP; FO7PWMOn (MOD): 
POWERMETER NOT SETUP <cr><If> 


c. Instrument not CLOSED: FO7PWMOn (MOD) : 


POWERMETER NOT CONNECTED <cr><| f> 


d. Measurement not INITIATED: FO7PWMOn 
(MOD): MEASUREMENT NOT INITIATED <cr><1I f> 


e. Measurement..did not settle: FOSPWMOn 
(DEV): MEASUREMENT TIMEOUT <cr><T f> 


f. Measurement exceeded maximum | Imits: 
FOOPWMOn (DEV): MEASURED POWER GREATER THAN 
AX|IMUM <cr><| f> 


ge Measurement less than minimum limit: 
FOIPWMOn (DEV): MEASURED POWER LESS THAN 
MiNIMUM <cr><lI T> 


Notes: Ss = exponent sign, +/- 


E-35. DISCONNECT. The 4200 may be logically 
disconnected from the test system by the com- 
mand: 


OPN :CHn<cr><] f> 


E-36. The channel Identification must agree 
with the currently active channel; otherwise 
an Illegal channel error will be generated. 
The channel must have been SETUP prior to 
Issuing this command. 


E-37. After execution of the OPN command, It 
Is necessary to send the CLS command prior to 
INX and FTH commands. 
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E-38. In addition to syntax errors, the 
following messages may be generated: 


a. No error: <sp><er><If> 


be Improper channel command: FO7PWMOn 
(DEV): ILLEGAL CHANNEL PROGRAMMED 
POWERMETER <er><If> 


ce Instrument not SETUP: FO7PWMOn (MOD): 
POWERMETER NOT SeTUP <cer><| f> 


E-39. RESET, The RESET command addresses a 
specific channel, clears any pending error 
mess-ages and sets the 4200 to not-SETUP sta- 
tus. The syntax is: 


RST ACS POWR :CHn<cr><If> 


E-40. An illegal channel! error message is 
generated if the channel addressed does not 
exist. 


E-41. The |EEE-488 bus command DCL (Device 
Clear) will perform a RESET on the currently 
active channel, 


E-42. In addition to syntax errors, the 
following messages may be generated: 


ae No error: <sp><cr><| f> 


b. Improper channel command:. FO7PWMOn 
(DEY): ILLEGAL CHANNEL PROGR 


E-45,. SELF TEST. Two self-test commands are 
recognized by the 4200, but the same Internal 
test is done for both. The test is a check- 

sum verification of the 4200 program memory. 

The command syntax is: 


CNF<cr><If> or IST<er><! f> 


E-44,. Each of these commands also does an 
implied RESET, returning the 4200 to 
not-SETUP status, and clearing any pending 
errors prior to self-test. 


E-45. In addition to syntax errors, the 
following messages may be generated: 


ae No error: <sp><cr><! f> 


b. Checksum error, CNF command: FO7PWMOn 
(DEY): CONFIDENCE TEST FAILURE <cr><!ft> 


c. Checksum error, 1ST command: FO7PWMOn 
(DEY): BIT TEST FAILURE RAM/ROM <cr><if> 


E-46. STATUS COMMAND, Messages in the out- 
put buffer must be enabled prior to being 
sent to the controller, Except after an INX 
or FTH command, which Implicitly enable the 
output buffer, the STA command must be sent 
to access the current message. When the STA 
command Is received by the 4200, the no-error 
message is loaded unless an error message is 
already present, and the buffer Is enabled. 

A subsequent talk command on the |EEE-488 bus 
will cause the message to be sent to the 
controller, 


E=3 
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E-47. Any error message in the output buffer 
prevents further loading of the buffer until 

the message is sent over the bus, or a RESET 

occurs. 

E-48,. The syntax for the STATUS command is: 

STA<cr><I f>_ 

E-49. If no error message exists In the out- 
put buffer, the following message is genera- 

ted: 


a. No errors: <sp><cr><lf> 


E-50. MAINTENANCE, 


E-51. To perform any of the maintenance pro- 
cedures outlined in Section IV of the 4200 
Manual, set Interface Board Bit Switch 8 for 
native mode operation, This will allow 
{EEE-488 access to Instrument calibration 
functions, Restore the MATE configuration 
after maintenance procedures are complete, 


E-52. REPLACEABLE PARTS, 


E-53. Table 6-2 lists all the replaceable 
parts and includes; Reference Symbol, 
Description, Mfr., Mfr's Part No., and the 
BEC Part No. 


E-55. Refer to Figures B2, B3, and B4 for 
the schematics for the 4200-018 Option. 
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OPTION 4200-S/17 


F-1, DESCRIPTION, 
NOTE 


The -S/17 option can only be used in conjunc- 
tion with the -03 option, 


F-2, Rear Input option 4200-S/17 provides 
channel Inputs on both the front and rear 
panels so that the sensor connections to the 
second power sensor connector on the rear 
panel for those applications where sensor 
connection to the rear of the instrument may 
be more convenient, The second power sensor 
connector Is connected In parallel with the 
front panel SENSOR connector. Refer to 
Figure 7-8, , 


F-4, To operate an instrument equipped with 
the 4200-S/17 option, connect the power sensor 
cable to either the front panel or rear panel 
input channel connector, as desired, and 

affix the shield supplied with the option to 
the unused connector. Then, proceed with 
operation as described In Section 1! of the 
4200 manual, 


NOTE 
Do not attempt to use both input connectors 


at the same time; use only one and make sure 
that the shield is affixed to the other, 


BOONTON 


BOONTON ELECTRONICS CORPORATION 


BOONTON ELECTRONICS CORPORATION 
791 ROUTE 10, RANDOLPH, NJ 07869 
(201) 584-1077. TWX: 710-986-8215 
FAX: (201) 584-3037 


